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CHAP'l'ER I 

GENERAL INFORt~'I'ION 

It is felt 

intake of feed and nutrients can be controlled. In larger animals ~uch 

animal can :receive the exact amount of mxtricents pre.scribed by Um 

a~Ctllratel.y and to uti.lize fully the daily nutri.ent intake standards for 

poultry ·are~ ( 1 ) c:ai'l feed and nutrient intake be regula t.ed with !!! 

libitmu f'eeding 9 and if so (2) what factors are i:mrolved and t.o '"1ha.t 
~. --:-;ce- " 

the knowledge of these regulating factor~ be used to ~ontrol nutrient 

intake arlld production re5ponses 9 and ( 4) \11hat is the db·e~t effeet of 

1 



:nutrient intake upon the productive performa.nc:e of the bird!S? 'fhe f'iriSit 

question was answered by Gleaves et, al. , 196Ja ~ when dietary ·,rnlume .for 

laying hens was controlled in order to regulate tl'H~· intake of d:i.ets with 

va.riou.s nutrient concientra tions o 'r:hi~ work c;learly e$tabli$hed t.he fact 

that feed intake c:an bee CJontrol.1(5ld 9 and that there are four primary 

di.etacy factors i.nvolved in regulating feed intakeo 'rhese factors are 

dietary protein 9 dietary eniergy 9 di@tairy weight and dietary volWlii~o In 

a :revi.ew by Anandj 1961 9 evidence wa~ cited which e$tablishe~ th®J;;se four 

dietary i'actor:s as definite physiological f1,od intake regulatorso 

It was further establishied by GleaVl/1!.!il 9 196.5 11 that there arie m<11ny 

intera.trtion$ among the di.etary factors i.n their eff'ectis; upon feed and 

nutrient intake in laying hens, •rae :interaction e.ff ects appeared to be 

decreased in intensity among hens that were laying at approximately the 

isa.me rate of produ.cticm. Thi~ e;stabli~hes the fact that produc:t:lon 

characteristics con&!ltitu.te addi.tional fact(:n-:"~ which :'.l.nfluence feed 

intake. In the :same X"~J)i'..tFt 9 Gleavea pointed out smile of the effect~ ((')f 

the dietary factors ttpon the production re<'ilpcm1te~. 

'1. To the author 0 ~ kno,1i1l~dge ther~ bas been no report involvi.ng th(8) 

y. problems in question~ .3 and 4. :B'o;r this reason the pu:ti)o.se of this 

'I thesis is to attack the problem~ lfflM .. cb are :lmrobred wi:th these t'wo 

, qu.estic;ns o The specific objective;5 ,are as follows i ( i) to develop 

prediction equations for protein intake 9 energy intake\) body weigbt 

change? number of egg1S and average egg weight of laying hens with 

dietary protein 91 dietary energy~ di~tar.,r weight and dietary volume as 

the independent variables~ ( 2) to study the effect of egg :r;rr'oducti,on @ind 

body weight change upon the i1ntake of protein and energy~ ( 3) tei study 

the effects of protein and energy intake upon egg production 9 body 
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Miei.ght ~bange and egg weight 9 ;and ( 4) to d@~cribe c;,ondi tioni:J und,e:r' which 

a multiple re~ponse aniilydis can be perfo:r·1.11u:~d 9 and to per.form multiple 

:rel!lponse ana.lysias wnere the nece~m.u·y ~ond.iticms a.re sat:lsfiedo 

Data 

A 'J4 fa~torial arra:rngiem~nt of dietary proteiin 9 ene1•1t'Y ~ wed.glrt and 

volvrn1tf.l wal:l us~d t,o f'ox"'mulatf.J 81 ratfon~ wM.ch w~Jr.'e fed to layililig hen~" 

x In order to give a cl@ar p~rgJ,p,11.H:;;ti.v~ or the £acti0rial a.:rrang<Wment ,of' 

trea:t.inents 9 •ra.bl.e I i:s pir~~e1rrt,ed ld th iUlle actual level~ of each factor 

and l(];Oded 1m.l!..mber~ rl1!liprii:<~enting ea0n W.ll .. lue., 'l'h<i:lllre w~r@ ~even r®:plicati@n\\li 

tead1 trtilla.tment and the replicat~.11! ~~lr'<? comr;let~ly rnndomi.z,~ni., 'rhil:l 

hen~ wert; housed in indivldual cages wi.tb :i.ndivi.du.al ;f'e;ed and water. 

,, 'fheref'ore 9 ea~h ben ~as an experiwi,e·ntal unito The hens were allowed to 

~on~tuue feed and water a_g l~"k:1-~tumo The dura.ti.on o:t th~ ~:rn.p®riwient \if.l.~ 

eight four=week periodso 

At. the end of eaC;h four=w.sek p~rdod th~ hen~ ·were Wi.frlgbed 9 f®ed 

-~ornrm'llfYt.ion c:alcul.ated 9 and the rmmb~i· 15if reggis and ~verag@ egg w~i.ght.~ 

:r@eiordedo 'l'h~ data fen" each pie:iri(;id werl@ a':iIDlffll.ari~ed 9 and at th~ ~nd of 

1 tbe i:light fou.r-~week period~ th~ data for- the l1;u,t .sev~:n period~ w~re 

-1 cn::miulated to give onl!!I ov~rall ~unm-1ar1 o ':Chis ov~rall. :summary provid,-e~ 

1. the data t'or thi~ report, The 1:,peci:tir.a data u~ed are) anre:rage daily 

"prot,e:1.n coni:luraption 9 a'tH:irage daily energy conaumption 9 number of \~ggs 

i lai.d~ a:veragie ~gg w~ight and avrerage body w~igbt eth.uigeo Th,e~<a d;ata 

"a :l"'~ pre~1:1nted in th~ App,endix o 

The data were obtailrli~d .from tlhre ~am~ e:ir:periment ~,11:1 that whieh wag:J: 

, '1 de~~r:lbed by Gleave~ 9 19650 Tb~refore 9 the a:nalyse~ and rei!iult~ of tM.~ 

di~.sertation are tied dir~(2tly t<0 that t:.tudy, In OJr'der to pr!i'fiifi&nt 



TABLE I 

FACTORIAL ARRANGEMENT OF TREATMENTS 

Protein (Grams) 
13 16 19 

Milliliters M lliliters Milliliters 
180 230 280 180 2)0 280 180 2)0 280 

• 
c:,... -1 C\I -1 -1 -1 -1 -1 0 -1 0 -1 0 -1 1 -1 1 -1 1 
.... - -1 -1 -1 0 -1 1 -1 -1 -1 0 1 1 -1 -1 -1 0 -1 

~ - 1 -1 - 1 -1 -1 -1 0 -1 0 - 1 0 -1 1 -1 1 - 1 1 
0 O c:,... 

"° - C"\ C\I .... 
0 -1 0 0 0 1 0 -1 0 0 0 1 0 -1 0 0 0 .., 

.g, 
,,-1 

-1 - 1 -1 -1 -1 -1 0 -1 0 -1 0 -1 1 -1 1 - 1 1 G) 

:3 ~ .... 1 - 1 1 0 1 1 1 -1 1 0 1 1 1 -1 1 0 1 

~ 
-1 0 -1 0 - 1 0 0 0 0 0 0 0 1 0 1 0 1 

' .... - -1 -1 - 1 0 -1 1 -1 -1 -1 0 - 1 1 -1 -1 -1 0 -1 ., 
s 
f -1 0 -1 0 -1 0 0 

0 O c:,... 0 0 0 0 0 1 0 1 0 1 
0 - C"\ C"\ .... .., 

0 -1 0 0 0 1 0 ..c: 
bO 

- 1 0 0 0 1 0 - 1 0 0 0 

,,-1 
G) 

:3 ~ -1 0 -1 0 -1 0 0 0 0 0 0 0 1 0 1 0 1 
.... 

1 - 1 1 0 1 1 1 -1 1 0 1 1 1 - 1 1 0 1 

c:,... - 1 1 -1 1 -1 1 0 1 0 1 0 1 1 1 1 1 1 
C\I .... - - 1 - 1 - 1 0 - 1 1 - 1 - 1 -1 0 -1 1 - 1 - 1 - 1 0 - 1 

41) 

e -1 1 - 1 1 - 1 1 0 1 0 1 0 1 1 1 1 1 O c:,... 

~ ~ "" .... 
C"\ .., 

0 - 1 0 0 0 1 0 -1 0 0 0 1 0 - 1 0 0 ..c: 
bO 

,,-1 

" 1 :3 ('. - 1 - 1 1 -1 1 0 1 0 1 0 1 1 1 1 1 
.:t-.... 

1 - 1 1 0 1 1 1 -1 1 0 1 1 1 -1 1 0 
-

*1he four numbers in the square are the coded representation of the 
dietary level combination of protein, energy, weight and volume. The upper 
two nu11Dors represent protein and energy, respectively and the lower two 
numbers r epresent weight and volume, respectively. 

1 

0 

1 

1 

- 1 

1 

-1 

1 

-1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 



duplication of material 9 there are many places throughout the present 

study where tbe reader is referred to Gleaveso For this reason 9 to be 

familiar with the former study of tbe experiment will greatly enhance 

~ the understandability of this thesiso Hereafter 9 unless othe:rwi$e 

~stated, when reference is made to Gleaves 9 it will mean Gleaves 9 19650 

In the report by Gleaves 9 analyses of variance were performed on 

the following responses; feed weight intake 9 protein intake, energy 

intake 9 feed volume intakej egg production~ body weight change 9 and 

egg weight. The main effects and interactions of the four dietary 

factors upon these responses were pointed out and discussed in detailo 

Tbe effects of egg production upon the intake of dietary factors w~r® 

5 

given special attention. Due to the type of analyses 9 the results were 
' 

mostly qualitative in na.tureo Tbat.is 9 estimates for future responses 

would need to be based largely upon judgment rather than upon matbemati~al 

procedures. The purpose of all of the analyses in thi.s thesis is to 

obtain mathematical functions to estimate future responses. 



CHAPTER II 

PREDICTION OF NUTRIENT INTAKE AND PRODUCTION RESPONSES 

BASED UPON DIETARY FACTORS 

In cases where moderate environmental conditions ean., be maintainedj 

it should be possible to predict the nutrient intake of laying hens 

based strictly upon dietary factorso Tbereforei in this study equations 

were developed to predict protein and energy intakes, body weight cbange 9 

egg production and egg weight. The general procedure for obtaining these 

prediction equations is as followsg 

-~ (1) There are 81 possible dietary effects which could go into each 

of these equations. Tberef ore~ with each response 1 t is 

necessary to select only the effects which appear to have a 

significant influence. This was done by an analysis of 

variance in which the S'lllUI of squares were partitioned for 

single degrees of freedom by orthogonal comparisons. In the 

work by Gleaves~ the analyses of variance for the same 

responses were pre~ented but the sums of squares were not 

completely partitioned. 

(2) From this analysis of variance 9 the effects which appeared to 

have some influence upon the response being studied were used 

to form tbe model for the response prediction. 

(J) The parameters in the model were e~timated by the method of 

least squares as described by Graybill 9 1961. 

6 
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(4) The validity of each prediction equation was challenged by 

testing the residual sum of squ.ares 9 by finding the predicted 
I\ 

q values, Y9 and making a half=normal plot of the treatment 

residual deviations and by testing the hypothesis that each 

parameter is equal to zeroo 

t, (5) The parameters which were not significantly different from 

zero are eliminated to simplify the. model and the remaining 

parameters are re=estimatedo 

(6) 
A 
Y waa calculated and a half=normal plot was made of the treat= 

ment residuals for the simplified modelo 

The models used to derive these prediction equations are of the 

general form 

where 

Y = observation (nutrient intake or production response) 

aJklm = unknown parameter 

• = o, 1j 2 

X1 = dietary protein level 

:Ks = dietaty energy level 

X's :::: dietary weight 

X4, :::: dietary volume 

e = random error that bas a normal distribution with zero mean and 

variance = a2 p 

The x1 are coded numbers whi~h represent the actual levels of dietary 
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factor.so These coded numbers are used to make the calculatioru:1 as simple 

as possible. The coded numbers (X1 ) which correspond to the actual level!:! 

&1.:re given in Table I. The f'i.ve observations represented by I are denot~d 

a.a follows: 

Y1 - protein intake per bird per day 

Y2 = energy intake per bird per day 

1® ::e body weight change 

Y~ - r.mi.mber of eggs produced 

Yi, - average egg weighto 

The .~ along with the ob~ervati.oni!!l for each l"'e3ponse vari.ablei are g:i:iren 

in Appendix 'Table L This is the £:JurrJma:ry d~ta tor the ent:i.re exper:lm~int 9 

or the accumulated summary or periods 2 through 80 

All six steps in the procedure will be performed on the data .for 

each reisponse 9 one ;.ta time 11 and the re~u.lt1S will be discui5~ed after 

each step. The general model as expressed above can be expanded i.nto 

81 possible term~ 9 bu.t only t:bose term~ whi.ch reprel5ent the effe,c;tlS 

obtained in step one will be included in the model.!!'i for the ~pecifi.c 

obtfJe:rvation.tJ. 

Nutrient Intake 

Prot!in Intake.? The analysis of ·variance of prt)tdn com,u:mpU.,c1r1 

a.;s aff'ected by dietary protein, dietary energy 9 dietary weight and 

dietary volume is presented in Table II. From thi~ table it can be 

seen that many of the interaction eff'ect.s wM.c:h could not bra seen in 

the analysis presented by Gleaves are aigni.fieant at the 5 percerrt 

level of' probability. As an ex.ample i/) protein x energy with 4 degree~ of 

freed,,m is not si.gnificant ~ but protein linear x em~rgy linli;ia!' i:s 



·rABLE II 

ANALYSIS OF' VARIANCE OF PROTEIN CONSUMPTION 

Source SS MS 

Total 566 6~.585032 
Treatment 80 

Protein(P) (2) Jj597o69 
Pa, 1 j~.596.69 )9596.69 
Pq 1 ·1.00 LOO 

Energy(E) {2) 195.56.JO 
Et 1 19550.6.5 19550.65 
Eq 1 5o65 5.65 

Wei.gkjt{W) (2) :;3.4-4 
w 1 .20 .20 i. 
Wei 1 J.24 J.24 

Volume(V) (2) 29.30 
v t. 1 29.08 29.08 
Vci. 1 .22 .22 

Interaetio'fl (?2) 
p x E (4) 17.92 

pt. ~ 1 9°9.5 9.95 
PQ Et 1 1.76 L76 
P1, ~ 1 ,.40 _5.40 
PQ E.t 1 .81 .81 

p xW (4) 6.2.5 1 • .56 
PxV (4) 2.01 .50 
ExW (4) 20.51 

Et, Wi, 1 9o91 9.91 
~ W, 1 1.42 L42 L, 

EL Wei 1 .25 .25 
Eq Wq 1 8.93 8.93 

Ex V (4) 7.91 1.97 
WxV (4) 11.1.2 

W1., V1, 1 1.56 1.56 
Wq Vt 1 .10 .10 
WL v 1 9.:34 9oJ4 Q 

WQ v 1 .. 12. .12 Q 
PxE xW (8) '.38.04 

P1, E W1, 1 8.47 8 .. 47 L 
Pq EL W1., 1 1.1.4 L14 
PL ~ WL 1 0 61 .61 
Pq, EL Wey :1 1.90 l. .90 
Pq Eq W1. 1 8.34 80)4 
Pcy Et Wq 1 .5068 )068 
pl ~ Wey 1 o)O .36 
P. &i Wq 1 11054 11.54 Q 

9 

1,499.87* 
.42 

64606(;.4' 
2.35 

008 
LJ5 

12. 12* 
.09 

)047''*< 
2o 

4.80* 
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TABLE II (CONTINUED) 

- === "" '"'= :: ==== ----~~~ 
Source Dlt' SS MS Fl ______ ... ____________ ......_"~ 

PxExV (8) 28001 
PL E1. V1. 1 1o11 1.11 
Pq ~ VL 1 9oJO 9oJO Jo87* 
Pa. Eq V1. 1 1o?9 1o79 
PL EL Vq 1 Lt<36 4oJ6 L81 
Pq F-q v 1 oJ2 032 I. 
Pq F,. V'. 1 9o77 9.7'7 4o07* Q 
P1. F-q Vq 1 oJ9 .39 
Pq F-q Vq 1 .97 097 

PxWxV (6) 13.94 1.74 
ExWxV (8) 14021 L77 
PxExWxV (16) 73.11 

p :Ei W1. V1. 1 8.2J 8.23 ;.42• I. 
Pq E1. WL VL 1 2.99 2.99 
Po. F-q "W VL 1 .83 .83 L 
PL EL w. VL 1 2.66 2.66 Q 
PL EL WL Vq 1 .8J .8:3 
Pq Eq W1, VL 1 13.51 13.51 5.62• 
Pq Ev. Wq V1, 1 5.83 5.8J 2.42 
Pq E1. W1. Vq 1 J.46 J.46 
p Fq Wq VL 1 8.06 8.06 J.J.5* L 
P1. Eq WL ·Vq 1 1.86 1.86 
p E1. Wq Vq 1 16.07 16.07 6.69• I. 
P. Eq Wq V1. 1 J.6J 3.63 Q 
Pq F-q W1. Vq 1 J.26 J.26 
Pq E11, Wq Vq 1 .13 013 
P1. Eq Wq Vq 1 .70 .70 
Pq Eq Wq Vq 1 1.06 1.06 

Error 486 19165.53 2.4 

1with 1 and 486 degrees of freedom the following probabilities hold~ 

F = 6.70 

F = J.86 

F = 2.75 

P < .01 

P < .05 

p < 010 

*Effect is included in the first model for prediction purposes. 
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significant at the 5 percent level or probabilityo . Whether tbi1;1 level of 

significance is meaningful will be seen from the analysis which follows. 

The effects wbicb have an asterisk by the F values were included 

in the mod.el for prediction purposeso The specific model for protein 

intake is 

1 ~ 

X1 a1000 

1 lo100 

Xe. 8ooo1 

X1 re auoo 

lrg Jrs 8o110 

lre aJC's a Soaao 

. :ts Xe. :a 8oou. 

Y1 = X1 JriaJrs &1110 

X1 3 Jria 2 Jr's leuo 

x1 a 1 a :J'e a Beaao 

X1 aJeXe, S.101 

X1 8 JraXe, 3 S.102 

,1 re :xs x.. 8.J. 111 

X1 a J!'e a Jrs Xf, . 8.aau 

X1Jraa1aX.. a1au 

X1JvXea:X-...a &1122 

This will be referred to as Protein Intake Model 1 •. Note: Where 

~ = 11 = 1 = • = 0 Soooo is denoted as 1,1, o 

From the data in.Appendix Table I, the least squares estimate of 

tbe parameters are calculated and are given in the following expression: 



. 1.2 
.--

µ 1Jo20 

a1000 3.08 

8o100 -2.08 

Booo1 - .277 

a1,100 0176 

Bono .198 

8oHO .J40 

Boou - .115 

au10 = 0225 

Bieuo = .04)6 

Bc!uo - .J87 

Baun - .0948 

aia102 0128 

a:1.111 = .271 

a...iu1 = .OJ49 

a1221 - o09J8 

aui,'2 l_ .0499 
~ 

Two questions about this prediction should be consideredi (1) how 

well will this equation predict protein intake in laying hens? and (2) 

can this equation be simplified without reducing the prediction quality? 

Tests will now be made to study these questionso 

The sum of squares removed by the parameters in the model and the 

residual sum of squares are of importance when deciding bow well a model 

fits the data. These are given in Table III. It can be seen from the 

data in this table that almost all of the variation among treatments is 

removed by parameters in the model. The total corrected mean square is 
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326.97 as compared to 2.94 for the residual. With this model the sum of 

squares due to variation within treatments can be separated from the 

residual sum of squares and can be used to test the residual. In this 

case the residual does not appear to be different from the error. This 

indicates that the parameters of the model probably account for all the 

variation due to treatment except for random error. 

TABLE III 

ANALYSIS OF VARIANCE OF PROTEIN INTAKE MODEL 1 

Source DF 
,,_.,.._ 

Total 567 

R(µ. )1 1 

R(µ.,a)2 1? 

R(a) adj. 16 

Residual 64 

Error 486 

SS 

105,880.84 

99,295.53 

104,527.06 

5,231.53 

188.2.5 

1,165.5.3 

MS 

326.97 

2.94 

2.40 

lR(µ.) - Reduction in sum of squares due toµ.. 

F 

1J6. 24(P < • 01) 

1.22 

2 R(µ.,a) - Reduction in sum of squares due to µ. 9 and a. In tbis 9 

a includes all the a3kl• in the model. 

In order to test further the 1•esidual variation~ the predicted 

A 
value, Y1 , is calculated. This is the predicted set of values for 

future observations of protein intake for the treatments~ if the x 

experiment were to be repeated. These values are presented in Table x 

IV. When these values are compared to the treatment means which were 

presented by Gleaves 9 the general trends are the same. The treatment 
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· ''l'AllLE.·lV 

PREDICTED VALUES, ~l• FOR PROTEIN INTAKE MODEL l 

Protein (Grams) 

13 16 19 

Milliliters M.lliliters M lliliters 
180 230 280 180 230 280 180 210 280 

('.. 12.17 12.35 12.60 16.21 15.82 1.5.66 19.05 18.60 18.03 C\I ...... -I('.. 
0 0 ('"\ 12.43 12.38 12. 07 15.56 15.28 15.00 18.24 18.18 17.87 '° 
_ ...... 

N 
~ 
.Cl 
.;f 

~~ 12.51 12.31 11.73 15.58 15.42 15.03 . 17.42 17.67 17 .. 34 
...... 

~ 10.51 10.12 9.96 13.59 13.20 lJ.04 16.67 16.28 16.12 ..... -CD 

~ ... ' 

0 0 ('.. 
0 - ('"\ 10.40 10.12 9.84 13.48 13.20 12~92 16.56 16.28 16.00 ('"\ ...... 

~ 
,E, 

~ 
~~ 

10.28 10.12 9.73 13.36 13.20 12.81 16.44 16.28 15.89 .-i 

('.. 

7.89 11.65 11.26 11.10 14.40 14.08 N 8.59 7.57 13.95 . ' .-i -Ill a 

g ~h 8.36 7.86 7.62 11.40 11.12 10.84 14.88 14.)8 14.13 _..., 
('"\ 

~ 
.Cl 

~ 
Cl) 

~~ 7.75 7.74 7.67 11.82 11.66 11.27 1.5.54 14.71 14.00 
...... 

1~· '':· 
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""' means are denoted by Y. In order to make a more direct comparison of 

the t to Y1 9 the residual deviaticn1s 9 Y1 = ~ll. 11 are calculated and 

presented in Table V. 

>/ According to the general modelj) the assumption is made that the 

random error 9 e~ is distributed normally with a mean of zero. The 

- I\ -
>( residualsj) Y - Y, estimate this random error. Y is the set of treat-

>< ment means which was presented in the report by Gleaves. It is admitted 
A = A 

x, that Y = Y is a better estimate of the random error than Y = Y9 howeverj) 

in this case 9 with 567 Y values 9 it would be extremely difficult to 

calculate and to present Y = i. Therefore 9 Y = ~ ~s used as a substitute. 

If there are any definite trends of either positive or negative 

numbers in the residual deviations 9 ,it is probable that they are not 

distributed normally. However 9 there is no obvious indication that there 

is any such trend in the results presented here. 

The test used to check for zero mean and normal distribution is a 

half-normal plot of the residuals. They are ranked according to absolute 

-size ( that is:. without regard to sign) o Thein the rank 9 expressed as a. 

percentage of sample size 9 is plotted against absolute value on normal 

graph paper. The percentage of sample size contains a continuity 

correction of .5 and is calculated by P = (i = o5)/N x 100. In this 

"" case N = 81. If the points on the graph form a straight line which 

J/ passes through the origin 9 then it is assumed that the residual deviation 

is a result of random erroro 

For Protein Intake Model 1 the half=normal plot is presented in 

Figure 1. It appears from this figure that the residual variation for 

this model is very close to random erroro Although the points do not 

exactly form a straight linej) it is very close and the line does pass 
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TABLE V 
- I\ THE RESIDUAL DEVIATIONS, Y1 -Y1 , FOR PROTEIN INTAKE MODEL 1 

Protein (Grams) 

13 16 19 
Milliliters Milliliters Millilite ·s 

180 230 280 180 230 280 180 230 280 

-.12 .53 -.61 -.29 -·53 -.23 .31 -.JO .25 

.17 -1.55 .08 -.19 -.50 -.06 -.87 .65 -.43 

.14 .01 -.OB .98 -.11 -.22 -.20 .10 .66 

I 

.OB .20 .32 1.10 -.45 ... 22 -.60 -.09 .88 

.90 ... 08 .21 .79 .60 .35 .88 -.19 -.59 

1.04 .92 -.46 -.78 .02 0 -.27 .15 0 

--37 -.38 .17 -1.50 .38 -.12 .82 -.65 .31 

-.29 .71 -.08 -1.20 -.04 -1.03 -.67 -.26 .71 

-.24 -.02 -.61 -.:23 .88 .95 .17 .70 -.65 
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indicate&,;; that the mean :ls zeroo 

It appearB from th:e prec:eding te~t$ that the Protein Intake Mc;del 1 

does a reasonably good jrob of predfotingo However 9 the only true test 

would be to perform a~tual feeding trials and compare the observed out= 

come to the predi~ted outcomeo 

Protein Intake Model 1 has a large nwr.iber of terms and it is 

diffitYult to calculate predicted value~ with su~h a ~omplica.ted equationo 

It would be advantagecrus to have a s:ll..mpler prediieti.on equation if' a 

~ 3impler one would give re1ult~ ~omparable to Model lo The hypothe~is 

< that each parameter i~ eqt:llal to ~ero i.~ te~ted in order to eliminate 

< some of tbe parameters and ~till have a good prediction equation. The 

l311:A111 = a31t h 
t ~~,,,,,,_, with N = p degre~~ of freedom 

where ©i J b the ijth element of (X 0xf 1 (Gra.ybill 9 1961). SilrJl{tG the 

hypothe~i~ i.!'3 that a, t 111 "" 0 the fo:rro.11].la. be~ome.!'3 

ft. a,l!!lli 
t ~ fF:,'...:....:.1::Vd:: 

,,/~ ~l! ! 

In this case N:;; 81 and P = 17 so there are 64 degrees of freedom. From 

The calculated t values for the estilnated pa.:rametera a.re in Table VI. 

aooo:1. a.re :signifidantly differe:nt from lZero at the 5 per~ent level of 

probabilityo Based upon tlhi©l 9 the model 
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TABLE VI 

CALCULATED t FOR THE ESTIMATED PARAMETERS OF 
PROTEIN INTAKE MODEL 1 

-- .... --=~·-"·'·--"'--""-"""-""""=-""-----•-•an .. -,.--, '-"'-'"""""""""'~"""'''''"'""'""'-""='"".._.~~~-
1--~--~--

Parameter Estimate 1 
Cu e2 c1 g ,/'B-2 c~ i t* 

µ 

a1000 

Bo::i.oo 

Boooll. 

a.1100 

Bo110 

ao2:ao 

olooil.2 

a1110 

l:lauo 

aa2~0 

~ll.01 

Be102 

a1111 

B:-.1:au 

a:u21 

a1 :u~ 

1Jo20 

)o08 

=2o08 

= 028 

018 

020 

034 

= 011 

.22 

= .044 

= 0 39 

= .095 

.13 

= .27 

= .035 

= .094 

.050 

*toos = 2. 00 

1sa = 2.94 

000317 

.00264 

.00476 

.00264 

.00714 

.00397 

.0151 

.00.564 

.00595 

000846 

00179 

00059.5 

00107 

.00893 

.00893 

000893 

.,0161 

-·-·· ~"'=~~~~;,':~"''l>t,l.':'i.lJ,:;i~~"""~~ 

.00932 .09654 1360 73 

.00776 .08809 )4.96 

.0140 .1183 17.58 

.00776 008809 )o18 

.0210 .1449 L24 

00117 .1082 1.85 

.0444 .2107 1.61 

.0166 01288 .8.5 

0017.5 0132.3 L66 

00249 oi.577 027 

00519 .2406 L62 

00175 .1J2J .72 

oOJ14 .1772 .73 

.0262 .1618 L66 

00262 .1618 .21 

.0262 .1618 .,_58 

0047:3 .2175 023 

~'l'll""USN--WClll'Y.-;__,WW'i'l"U"M"WWJ'?;ilSK'fW1r::1'¥1M=~~ 
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is used for the prediction of protein intakeo Thb model is called 

Protein Intake Model 2o The parameters are re=estimated and the 

resulting prediction equation is 

The residual sum of squares is tested in the same way as for 

Protein Intake Model 1. The analysis of variance is presented in 

Table VIL The results of this test indicate essentially the same 

thing as the corresponding te~t for Protein Intake Model lo This 

means that 9 baaed upon the residual sum of squares~ the simpler equation 

will predict future observations of protein intake as accurately as the 

one with 17 termso 

TABLE VII 

ANALYSIS OF VARIANCE OF PROTEIN INTAKE MODEL 2 

--
Source DF 

Total 567 

R(µ.) 1 

R(µ. ja) 4 

R(a) J 

Residual 77 

Error 486 

SS 

10.5~880084 

1049472006 

,~176.53 

243025 

1,165 • .53 

MS 

1725.51 

J.16 

2o40 

F 

.546.04(P < .01) 

1.31 

In order to check further-the prediction ability of Protein Intake 

A - A 
Model 2 9 the predicted values~ Yll. ~ and the residual deviations 9 Yi = Yl!. ~ 

were calculated. They are pre~ented in Tables VIII and IX 9 re!!'lpect:lvelyo 

There is nothing in these two tables to indicate that Protein Intake 
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TABLE VIII 

A 
THE PREDIC'l'.ED VALUES, Y1 ., FOR PROTEIN INTAKE MODEL 2 

Pr tei (G ) 0 n rams 
1J 16 1Q 

Milliliters M lliliters M llilite s 
230 280 180 2'30 280 1Al"l 210 ?Al"l 

12.46 12.46 15.54 15.54 15.54 18.62 18.62 18.62 

l 

12.18 12.18 15.26 15.26 15.26 · 18.)4 18.J4 18.J4 

11.90 11.90 14.98 14.98 14.98 18.06 . 18.06 18.06 

10.43 10.4J 13.51 13.51 13.51 16.59 16.59 16.59 

10.15 10.15 13.23 13.23 1J.23 16.31 16.31 16.31 

9.87 9.87 12.95 12.95 12.95 16.0J 16.03 16.03 

8.40 8.40 11.48 11.L~8 11.48 14.56 14.56 14.56 

8.12 8.12 11.20 11.20 11.20 14.28 14.28 14.28 

7.84 7.84 10.92 10.92 10.92 14.00 14.oo 14.00 
j 
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TABLE IX 
- I\ 

THE RESIDUAL DEVIATIONS, Y1 -Y1 , FOR PROTEIN 
INTAKE MODEL 2 

ro n urams P tei (n ) 
13 16 19 

Milliliters Milliliters Milliliters 
180 230 280 180 230 280 180 230 280 

('--

-.41 .42 -.47 .38 -.11 .74 -.34 N -.2.5 -.32 ..... ,,..... 
Ill 
E 
<II ,... 

0 Cl I:'--

'° ....... <"I .42 -,9.5 -,03 , 11 -.48 -,32 -,97 .49 -,90 N ..... 
+> .c_ 
,,i 
Q) 

~~ 
• 7.5 .42 - , 2.5 1. .58 ,33 -,17 -.84 -,29 -,06 ..... 

I:'--
.16 -,76 -,69 ' 

N -,11 -.15 1.18 -.52 -.40 .41 ,..... ..... 
Ill 
E 
~ 

0 c., 
0 -C'--
<"I <"I 1.1.5 -.11 -.10 1.04 ,.57 .04 1,13 .22 -.90 +> ..... 

i1i 
..-t 

~ 
I:'--
.:T 1.4.5 1.17 -,60 -,37 .27 -.14 .14 .40 -.14 ..... 

~ -.18 ..... -.89 -.66 -1.33 .16 -• .so • .80 -1.26 -.17 -Ill s 
<II ,... 

;5 e, ('--
.45 - • .58 -1.00 -.10 -.16 • .56 - <"I -.05 -1.39 -.07 

<"I ..... 
+> .c_ 
..-t 

~ 
~ -,33 -.12 -.78 .67 1.62 1.30 1, 71 1,41 -,65 
..... 
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Model 2 would not accurately predi~t future obse:rvationso The trend~ in 

the i 1 are the ~ame as in Y1 and there is no indit:m"l;.ion that the residual 

deviations follow any eertain trendo The half=normal plot or the 

residual deviations is presented in Figure 2o The reault is almo$t 

identical to that for Protein Intake Model 1o The re~idual devia.ti~ns 

appear to approach the normal distribution with a mec\n of zero., 

It can be concluded from the preceding test~ that the le$~ compli= 

cated model 9 Protein I~take Model 2 9 is ~uperior to Protein Intake Model 1 

by the fact that Model 2 i~ the simplero There are no indi~ation~ that 

there are any differences in the ability of the two models to predict 

by Gleaves shows significant (P < 005) .3=Way and 4=wa,y interactionso 

However, the results here indicate that these effects need not be 

considered when e~tima.ting future re~on~e~o 

Ener_gz Intake~ From the analysi~ of variance ®f energy ~onsumption 

which is presented in Table X9 15 terms were pi@ked to go into Energy 

Intake Model lo Thi~ was done in the ~ame manner a~ for protein intakeo 

In order to include every effect th~t may be of importance in~ofar a~ 

prediction is c~ncelM7!ed 9 the effe~t~ that have F values with P < o1 were 

included in the modelo Tbe model is 

2 a a 2 2 2 + ~uo X:i. Xs!t :XS + ~UCJ Xi Xa XsJ + a:.i101 Xi ~ ~ 

+ ~ll.o:exl!.:a~~:.il + ~:PJll.ll.xl!.~~~~~ + au~~x:1 ~~~~ 2 
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Figure 2. Half~Normal Plot of the Re~idual Deviations for Protein Intake Model 2 
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Source 
~amwr,w,oor,;:m,;z,:p,,:n:n-•PT 

Total 
Treatment 

Protein {P) 
pl 
Pq 

Energy(E) 
Et 
~. 

Weight(W) 
W1. 
Wq 

Volume(V) 
V1. 
Vq 

Interaction 
P x E 

Pi. E1. 
Pq EL 
P1, Fq 
Pq Eiq 

PxW 
p xv 
ExW 

E1, W1, 
Fq Wi. 
EL WQ 
Eq w. Q 

ExV 
WxV 

WL VL 
~ VL 
WL Vq 
Wq Vq 

PxExW 
PL EL WL 
Pq EL Wi. 
PL F,q w I. 
pl E1. Wq 
Pq F,q W11, 
Pq E11, Wq 
pl ~ Wq 
Pq Eiq Wq 

'fABLE .X 

ANALYSIS OF VARIANCE 01" 
ENERGY CONSUMPTION 

DF SS 

25 

MS 

~~-- -"'---"""""'----~.c..:r-=-=~~" ..... -==-,_-=.,,.,.==,-=.=-··'"-""-"' ····"=~~·-"""'-==.,.._,;;:, 

566 709997)008 
[80] 

(2) 75~576071 
1 '7J9982e20 7Jj)928.20 77.11• 
1 19594._51 11)594051 L66 

(2) 299470.38 
1 29390.94 29390.94 2)+9 
1 27 9079.14 279079044 28022* 

(2) 976004 
1 4.17 4.17 .004 
1 97:i .• 87 911.,8? 1.012 

(2) H 940LJ4 
1 119206.95 119206.95 11.68* 
1 194.39 194.39 .20 

(72) 
(4) 45$578.81 
1 41 ~811 .57 4t 9811..57 4J.58* 
1 22.23 22.23 
1 J94_54.JO 39454.JO J.60* 
1 290.71 290.71 
4 2/?J6. 74 684.19 
4 2g084.23 521.06 

(4) 69212.15 
1 29707.44 29707.44 2.82* 
1 .562.20 562.20 
1 J4o71 34.71 
1 29907068 29907068 3.0J* 
4 )9806059 951.65 

(4) 49288.2) 
1 764076 764.76 
1 39058 )9.58 
1 ) 9)6.5. 11 39365.11 )o 50* 
1 118. 78 118. 78 

(8) 16~9J2.4J 
1 29600.72 2p600o72 2.71 
1 l 911Jo09 1911.3.09 
1 778.JJ 7'78oJJ 
1 19247074 19247074 
1 )9399.00 39399"00 J • .54* 
1 )9215.62 )921.5.62 J.J.5* 
1 141.77 14107? 
1 4/136016 49736. 16 4.93* 
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TABLE X (CONTINUED) 

-- ·-- 1111,,--.. --

Source DF SS MS 
2 

F 

PxExV (8) 109094.91 
p ~ VL 1 .360.21 360.21 L 
Pq ~ VL 1 3»281.J4 )9281.34 J.42* 
PL Fq v 1 1llo68.96 111068.96 L. 
p Ei. Vq 1 1sS36.50 11)536.50 L 
Pq ~ v 1 14J.62 14J.62 L 
Pq ~ Vq 1 .311259 • .52 3~259 • .52 3 • .39• 
PL Fq Vq 1 2.72 2.72 
Pq Fq t 1 442.0J 442.03 Q 

PxWxV 8 4»821.68 602.71 
ExWxV 8 59396.53 6?4.57 
PxExWxV (16) 2J9101o14 

Pt. E;. w .. V11. 1 211304.14 29304.14 2.40 
Pq Ea. W, v .. 1 651.85 651.85 IL, 
p Fq WL v .. 1 90.10 90.10 L 
PL E1. Wq VL 1 946.71 946.71 
P1. E1. WL Vq 1 10.01 10.01 
Pq Fq w. Vn, 1 411637 .14 49637.14 5.88• II. 
Pq 1\ Wq V1,,-· 1 29114.68 29114.68 2.20 
Pq ~ w. v. 1 1,58.0.00 19.580.00 L Q 
p Fq Wq VL 1 ~ 111989.14 111989.14 2.07 I. 
P1. Fq w. Vq 1 667.06 667.06 L 
P1. Ei Wq Vq 1 5/72).81 59723.81 5.97,.. 
Pq Fq Wq VL 1 111 156.JB 111156 • .38 
Pq Fq Wn, Vq 1 19213.97 19213.97 
Pq E1. Wq v. 1 22).44 223.44 Q 
P1. E'q Wq Vq 1 646.78 646.78 
Pq Fq Wq Vq 1 366.73 J66o7.'.3 

Error 486 4661)274.2? 959.41 

2with 1 and 486 degrees of freedom the following probabilities hold: 

F = 6070 

F = Jo86 

F = 2o75 

P < .01 

P < .05 

P < .10 

*Effect is included in the model for prediction purposeso 
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~ ~-,_ 

µ. 250099 

cl.1000 9.71 

Booo1 =5)4,S 

Bo~oo =1.'.3.40 

auoo 12.14 

a:1.200 6o41 

Bono J.28 

Bo2ao 12.?8 
:ail: 

aoou =L84 

~:no =o84 

~uo =7oJ2 

~aao =9o91 

~ll.Oll =2o07 

~1oa =2.05 

~au =L23 

au:H L69 
.,,,. _..,;'. 

The tests that were made on Protein Intake M~del 1 were made on tb~ 

parameters of this model. The analysis or varian~e to test the residual 

sum of squares is in Table XI. The F test indicates that the residual 

•:oc. sum of ~quares is probably a resu.lt or random error. However~ further 

v tests mu.st be made before a conclusion can be drawn. 
,.. 

The predicted values P Ya » for Energy Intake Model 1 are presented 
= A 

in Table X!Ig and the residual deviation:s 9 ~ = Ya j are in Table XllI. 

t, Visual observations of the numbers in these two tables do not reveal 

anythi~g that would indicate that this predicti0~. equation would give 

skewed resultso However 9 the half=nonnal plot of the residual deviation$ 



TABLE XI 

ANALYSIS OF VARIANCE FOR ENERGY 
INTAKE MODEL 1 

28 

__ , ______ ---=-~•----~""""-',,__=<>a""'°""- "°"~"'"""==="' =~=, ----~ 
~--~---..... -;p ~~ 

Source DF SS 
~,-,,._~.-..<;;.·-""""'-""'=.="-""'"·=l'l<=~~--Ul<I: 

Total 567 )496889311 

R(µ.) 1 J;J9918~JJ8 

R(µ. 9a) 16 J49146g719 

R(a) 1.5 16811381 

Residual 65 759316 

Error 486 4669274 

MS 

119225040 

19158.72 

959.41 

F 

11.7o(P < .01) 

1.20 

in Figure 3 shows that something other than random error is affecting the 

residuals. It can be seen from this graph that the residual deviatiQn~ 

Y probably do not have a normal distribution. This indicates that the 

c( prediction equation ccmtains error other than random error. It would 

r< be extremely difficult to determine the cau~e of the non=normal distri= 

bution of the residuals. 

It is possible that a simplification or Energy Intake Model 1g such, 

as was done with Protein Intake Model 1, could result in alteration of 

the distribution or the residual deviations. The hypothesis that each 

parameter is equal to zero is tested in the same way as for Protein 

Intake Model L This information is tabulated in Table XIV" By taking 

only the terms for which the parameters differ from zero with a 95 percent 

level of oonfidenee 9 the simplified model becomes 
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TABLE XII 
I\ 

PREDICATED VALUES, Ya , FOR ENERGY INTAKE MODEL 1 

Protein (Grains) 
13 16 ... 19 

Milliliters M llii:Hers I'iilliliters 
180 230 280 180 ... 2).0."' 280 180 230 280 

.('. I ... 
C\I 255.65 247.92 251.35 260.94 253~65 250.04 26o.23 ; 255.88 255.93 .... 

~ 
,, r 

e 

0 ~~ 239.04 233.61 232.28 243.04 237.59 232.14 247.00 ' 241~.'57 240.24 '° ....., .... 
N 

~. . .. 
bO 

oM 

~it 246.19 239.68 236.97 250.70 247.09 239.80 250.77 \ 247.64 241.55 .... 
1 . 

('. 248.57 241.28 237,67 258.28 250,99 247.38 267,99 260.70 2'57.09 C\I .... ,,...... 
II) 

al 
M 

0 .s.~ 246.73 241.28 235.83 256.44 250.99) 245.54 266.15 260.70 255.25 0 
("\ .... ...,. 

-!?. 
oM 

~~ ' 
244;89 241.28 233.99 254.60 2,50.99: 243.70 264.31 260.70 . 253.41 .-<: t ,. 

,, 
i ... ' ... 

J .· ~ i ... i 
~ 206.83 ' 202.44 194.25, 254.38 247.09. 243.48. 266.7) 258.96 l 254.15, 
..-1 ' I 

,..... .. , . .. , : 
. ·~: i ; 1 ' 

i! ! I 
o· Cl ('. 214.80 : · 209.J'.3. 199.76 24).04 237.59 232.14' 271.32: 265.85 1 256.28l 
::t· - (" ("\ . ..-1 ' ..., ,, . .. ' .c . 
~ 
G.i 

257.26:: 253.65 246.36 263.84 , 252.e9: ~('. 210.49 ' 207.32 . 192.99 270.39 .:t' .-i; 
·:..:I --~ ·, ....... : ...• ;·. 
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TABLE XIII 
. ... A 

THE RESIDUAL DEVIATIONS• °Ya-Ya, FOR ENERGY 
INTAKE MODEt 1 

Protein (Grams) 
13 16 19 

I,, . 

!'l!lliliters Milliliters Milliliters 
180 230 280 180 230 280 180 230 280 

~ -1J,22 11.22 -10.35 -.38 -3.22 2.53 8.34 -2.31 -2.64 .... -Ill --
. 

~ 
0 l1 f;: i4;j~( -16.04 12.15 8.82 4.55 12.19 -6.00 19.29 1.62 
\0 ............. 
N 

-e 
~ 
CD C'-

ij,38 :ri: .:t 8.46 -2i40 20.59 3.48 2.91 '."11.91 -1.35 7.74 .... 

~ -5,00 -3.85 -1 • .53 19.29 -10 • .56 -5,67 -11.42 -1.99 '14.34 .... -Ill E! 

0 !~ -10.42' -4.54 12.85 4.6o 12.28 0. 13.13 9.30 -J.99 -9.11 
('"\ .... 

.j-) 

of:. 
•rl 
Q) 

:;i: ['--
15,54 12.86 -20.56 -17.60 -1.42 -1,84 -6.31 1,59 .30 .:t .... 

['-- 9,03 -5,(5 9.18 _37 • .52 1.48 -8.77 8 • .56 -18.67 .5.99 N .... 
,..... 
f:l 
f ['-.. 

-J.09 15.81 -1.62 -2.5, H -.88 -22.85 -14.61 . -10.56 11.86 g 0"' ............. 
('"\ 

+:> 
.c:: 
bO 

.,-! 
II) 

:..:~ -i3,3.5 -4.32 -1.56 -9.8: 13,92 14.78 lJ,47 14.59 -11.7.5 .... 

... 
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Parameter 

µ. 

a1000 

Sooo:n. 

Soaoo 

a1100 

a:i.200 

aouo 

Bono 

Sooa 

8.;ia:i.o 

8.;iuo 

8.a220 

8a101 

aa102 

~Ul 

a1122 

TABLE XIV 

CALCULATED t FOR THE ESTIMATED PARAMETERS 
OF ENERGY INTAKE MODEL 1 

Estimate GS cu 
1 

flc11 Cu 

250.99 .00529 6o1J 20476 

9.71 .00794 9o20 J.OJJ 

=5.45 .00265 J.07 1. 7.52 

=1J.40 .01.32.3 15 • .3:3 .3.915 

12.14 .00714 8.27 2.876 

6.41 001190 1Jo76 J.728 

)o28 oOOJ97 4.60 2.144 

12078 .01984 22.99 4.795 

=1.84 .00564 6 • .54 2o.551 

=o84 .00846 9o80 Jo1JO 

... 7.32 .01071 12.41 J • .521 

=9o91 .01786 20.69 14,.561 

=2.07 .00595 6089 2.625 

... 2.05 .01071 12.41 3 • .521 

-1.2'.3 .00893 10.40 J.225 

1.69 .0160? 18062 4.31:3 

J2 

t• 

101/37 

J.20 

.3.11 

J.42 

4.22 

1o72 

L5J 

2.66 

.12 

.27 

2o08 

2.17 

.79 

.;B 

038 

o)9 



1 

X1Xg 

x/':1~/3 

X:12:xp, ~ 2 I 
Xi2~2~2 

=..) 

0 

This model is called Energy Intake Model 2o When the parameters 

33 

The analysis of variance for this equation is pre~@nted in Table XV. 

From the standpoint of total residual ~um of squares~ this equation has 

equal predicting ability to that of Energy Intake Model 1. From predicted 
A A 

values !l Y2 !l in Table XVI and tlhe deviations from the means 9 Y2 = Yl?l 9 in 

Table XVIII 9 there are no indi~ation~ that Energy Intake Model 2 gives 

a ~kewed prediction pattern. The half=normal plot in Figure 4 ~bow~ 

that the distribution of the residual deviation$ i~ ~lo~er to normal 



Source 

Total 

R(µ.) 

R(µ. ,a) 

R(a) 

Residual 

Error 

TABLE XYI 

ANALYSIS OF VARIANCE OF ENERGY INT.A.KE MODEL 2 

DF 

567 

1 

9 

8 

72 

486 

SS 

.34 9 688 ,311 

339978,338 

34,137,567 

159,238 

849461 

4661)274 

19il904o75 

111173006 

959041 

)4 

F 

16o96(P < 001) 

1o22 

than that for Energy Intake Model 1o This indicates that tbe simpler 

equation is not only easier to use but it will probably do a better job 

of predictingo 

It was stated by Gleaves that there must be an interrelationship 

x between energy and weight on energy intake 9 but he was not able to show 

~ ito In the prediction equations for energy intake 9 the coefficient of 

the term Xe 2 :xe 2 is significant at the one percent level of probabilityo 

Since ~ and :JCi3 represent the levels of dietary energy and dietary 

x weight, this substantiates the statement made by Gleaves with positive 

evidence. 

A J-way interaction of protein x energy x weight on energy intake 

was pointed out and is dis.cussed at length by Gleaveso The analysis 

here more clearly defines where the interaction occurso In the 

prediction equations for energy intakeg tbe coefficients for the terms 

x1 :a X's J!s 2 and x1 2 Jrs 2 :ire 2 are significant at the 95 percent confidence 

levelo 
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TABLE XVI 

PREDICTED VALUES, ~2 , FOR ENERGY INTAKE MODEL 2 

Protein (Grams) 
13 16 19 

Milliliters Milliliters Milliliters 
180 230 280 180 230 280 180. 230 280 

C'-
N 253.48 248.03 242.58 255.82 250.37 244.92 255.70 250.25 244.80 ..... 

.,.,.._ 
(IJ 

s 
C1l 
H t'-

0 Cl C"I 241,93 236.48 231.03 243.04 237.59 232.14 244.15 238.70 233.25 '° 
.._, ..-l 

N 
+:> 
..c 
bO 

,,-j 

~~ ..... 253.48 ·. 248.03 242,58 255.82 250.37 244,92 255.70 250.25 244.80 

('.... ' 
N 242.45 237.00 231.55 256.44 250.99 245.54 270.43 264,98 259,53 ...... ,...._ 

(IJ 

~ 
M 

0 Cl ('.... 
256.44 2L~5, 54 270.43 264.98 259. 53 0 .._,, "" 242.45 237.00 231.55 250,99 ("\ ...... 

+:> 
..c 
,,-j 
(1) 

::;;: ('.... 

242.45 237.00 231.55 256,44 250.99 245 • .54 270.43 264.98 259.53 ~ ..... 

~;,.,.' 

C'-
N 210.36 204.91 199.46 255.82 250,37 244.92 264.10 2,58.65 253.20 ..... -(IJ 

~ 
H C'-

j Cl "' 216.17 210. 72 205.27 243,04 237.59 232, 14 269.91 264.46 259.01 ......, ..... 

"' ~ iii 
,rf 
(1) 

::t ,g:- 210.36 204,91 199.46 255,82 250.37 244.92 264.10 258,65 253. 20 ..... 
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TABLE XVII 

- I\ THE RESIDUAL DEVIATIONS, ~ .. ~, FOR ENERGY 
lNT AKE MODEL 2 . 

Prote;Ln (Grams) 
1J 1\6 19 

Milliliters Milliliters Milliliters 
180 . 2JO 280 180 2'30 280 180 2'30 280 

~ ;~: .. ,.,. ,· .... 

['... 

-11.05 11.11 -1.58 4.75 .06 ·, 7,65 1i.a7 J.J2 8.49 (\j .... 
,-.. 
Ill 
. al 

F-< 
0 OC'-

4.55 12.2.~ .· 22, 16 . 8.61 '° '-'!""\ 11.50 -18.91 1J.40 8.82 ... J,15 (\j .... 
+> 
,fl 
..,-! 
Q) 

~~ 
1.09 .11 -8.01 15,47 .20 "-2.21 -16,.64 .. 3.96 4.49 .... 

., -· " " 
['... ' 
(\j 1.12 .4J 4.59 20,85 -10,56 -J.83 -1J.86 -6.2? 11.90 ............ 

Ill 
E! 
£: 

0 8['... 4.60 ~ <"'\ 17,41 -6.14 -.26 12.85 9,30 8.00 -8,27 .. 13.39 +> .... 
.l:l 
b.O 

..,-! 
Q) 

::,: ['... 

17,98 17~14 -18.12 -19,44 -1.42 3,68 -12,4J -2.69 -5,82 .::t .... 

['... 

5,50 (\j -7,62 ·3,97 -38,96 -1.80 -10.21 Jl.19 .. 18.35 6.94 .... ,...... 
Ill 
E! .,, 

i1! 
0 OC'-
.::t -<"'\ -4.46 14.42 -7.13 -25.18 -.88 -22.85 -1~.20 -9,17 9,13 I""\ .... 

+> .q_ 
..,-! 
,a, 
,3: ~ 

tJ.22 -1,91 14.0J -8.J9 17.20 16.22 19,76· 19.78 -12.06 .... 

" '··. 
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When the predicti.on equatioms for protein intake are compared to 

those for energy intake 9 it is apparent that the control of energy 

38 

intake requires the consideration of more factors than for the control 

of protein intake. The results of the prediction equation from Protein 

Intake Model 2 show that the linear effects of only three dietary factors 

are necessary for rea~onable prediction of protein intake. However 9 the 

ma.in effects of 2 dietary factors and 4 interaction effects were included 

in Energy In.take Model 2. It is well known that energy is the dom:1.nant 

dietary fa~tor in the eontrol of feed intake. Therefore 9 dietary energy 

largely determines the intake of protein. The intake of protein can be 

changed simply by changing the caloriegprotei~ rati~~ and dietary factors 

other than protein and energy have only a small influence upen protein 

intake. On the other hand 9 changes in energy intake are affected more 

readily by certain non=dietary factors than by dietary factors. Egg 

production, as pointed out by Gleaves 9 is a good example of a non= 

dietary factor which strongly affects energy intake. For these reasons 

it is w.l!ch more difficult to estimate :future respo11uJes of energy intake 

by dietary factors only. These ideas are the subject of the next cbaptero 

Production Responses 

~ Weight Change: Prediction equations for tbe production 

responses are developed in the same way as for the nutrient intake 

responses. The analysi.s of variance for body weight change is in 

Table XVIII. From this table the terms are picked for the model in 

the same way as was done before. Thereforeg Body Weight Change Model 1 



TABLE XVIII 

ANALYSIS OF VARIANCE OF 
BODY WEIGHT CHANGE 
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·~---..... - ... ~-·--------~----~~~'l(.~'*J:R!liW,QU~~-~ 
~~~ 

Source 

Total 
Treatment 

Protein(P) 
PL 
PQ 

Energ"'J(E) 
EL 
~ 

Weight(W) 
WL 
Wq 

Volwne(V) 
V1, 
Vq 

Interaction 
P x E 

Pa. EL 
Pq Ea. 
P1. Eq 
Pq Eq 

PxW 
Ex V 
ExW 

E1. W1,, 
~ WL 
EL Wq 
F,q Wq 

ExV 
WxV 

wL v1. 
Wq VL 
w,. Vq 
Wq Vq 

PxExW 
PL E1. W1. 
Pq E1., WL 
Pi. ~ W1. 
P1, E1. Wq 
Pq F,q W1. 
Pq E1.. Wq 
pl ~ Wq 
Pq ~ Wq 

DF 

566 
[80] 

(2) 
1 
1 

(2) 
1 
1 

< 2) 
1 
1 

(2) 
1 
1 

(72) 
(4) 
1 
1 
1 
1 
4 
4 

(4) 
1 
1 
1 
1 
4 

(4) 
1 
1 
1 
1 

(8) 
1 
1 
1 
1 
1 
1 
1 
1 

SS MS 

42j),5019182o86 

5j725,J60o65 
5~?159507088 59715,507.88 99.20* 

99852.77 9j)s52.77 
291319659.24 
1/?J29 739 0 54 19732,739.54 

398j)909.70 3989909.70 
131,514.68 
709584.78 709_584.78 
609929090 609929.90 

302~698.9.5 
.301,667.63 301,667 .6J 5.24* 

1 90JLJ2 19031.32 

19'.3'7199780 69 
192671149J.5J 192679493.53 21 .• 99* 

919344.04 919J44.04 
119464.46 119464046 
19676.66 19 676.66 

2059968.96 .51~492.24 
1829289o'74 459.572.44 
5259474.56 
J6J9J.56.19 J6J p))6o 19 
749384.92 749384.92 
J69JJJ.44 369333.44 
51!1449.99 519449.99 

1369670.06 J4~167 • .52 
6539682.88 
499028.67 499028.67 
909095.25 909095.2.5 

5129044.47 .5129044.47 8.88* 
211520.49 29520.49 

6449273.,23 
59497.14 511497.14 

629200.00 629200.00 
649080.JJ 649080.JJ 
249402.87 249402.87 

2J2904J .88 2.'.329043 .88 4.02* 
4912J.68 49123.68 

2.58.)7 2.58.J7 
2519666.96 2519666.96 



TABLE XVIII (CONTINUED) 

Source DF SS MS Fl 

PxExV (8) 495,490077 
PL EL VL 1 179,470072 179,470072 3o11* 
Pq EL VL 1 1779825.57 177,825 • .57 3.08• 
PL \ VL 1 19,800.16 199800016 
PL EL VQ 1 6?4.J8 674.38 
Pq F,q VL 1 6011888.90 60,888.90 
Pq ~ Vq 1 379590.29 371)590.29 
PL F,q VQ 1 4,280.38 4,280.38 
PQ F,q Vq 1 14,960.37 14,960.37 

PxWxV (8) 475,836.72 
PL WL VL 1 212,077.14 212,077.14 J.68* 
Pq WL VL 1 10,359.57 10,3.59.57 
PL Wq VL 1 26,796.87 2611796.87 
PL WL Vq 1 6,223.09 6,223.09 
Pq Wq VL 1 204,053.72 204,053.72 )o.54* 
Pq WL VQ 1 439.30 439.30 
PL WQ Vq 1 159435.55 15,435.55 
Pq WQ Vq 1 452.35 452.35 

ExWxV (8) 642,337.25 
Et, WL VL 1 3,268.JJ 3,268.JJ 
~ WL VL 1 10§)215000 10,255.00 

. EL Wq VL 1 53,177024 53j)177.24 
EL WL VQ 1 601)479.04 60,479.04 
~ Wq VL 1 871)817.14 87,817.14 
~ WL Vq 1 2311564.12 23,564.12 
EL Wq Vq 1 251)023.04 25,023.04 
~ Wq Vq. 1 J78i)793.37 3?8p79J.J7 6.57* 

PxExWxV (16) 874,501.06 
PL EL WL VL 1 ·7 ,.540. 72 7,.540.72 
Pq ~ WL VL 1 21)524.52 2,.524.52 
PL ~ WL VL 1 87,979.07 87,979.07 
PL EL Wq VL 1 129373.57 12/373 • .57 
PL ~ WL Vq 1 117 9413.57 11711413.57 2oOJ 
Pq ~ WL VL 1 148,361 • .54 1489361 • .54 2 • .57 
Pq EL Wq VL 1 4,991o 12 411991.12 
PQ ~ WL VQ 1 821S32o38 8211.532/38 
PL ~ WQ VL 1 2908J.01 29083.01 
PL ~ W1. Vq 1 311799.4.5 3»799.4.5 
PL ~ Wq VQ 1 2429327 002 242,327.02 4.20* 
PQ F,q WQ VL 1 58p64_5o00 581)645.00 
Pq ~ W1. Vq 1 509282.26 509282.26 
Pq EL WQ Vq 1 21»456.02 2194.56.02 
P1. Fp Wq Vq 1 31»739081 31s,7J9.81 
PQ ~· Wq Vq 1 452.00 452.00 

Error 486 28»001,45,5.44 579616.16 
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FOOTNOTES FOR TABLE XVIII 

1with 1 and 486 degrees of freedom tbe following probabilities hold~ 

F: 6070 P < 001 

F = Jo86 P < 005 

p < 010 

*Effect is included in the model for prediction purposeso 
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2 a a a 
+ .3a:.H!O X1 Jfa JCs + auol X1 ~ :X.. + '3alOl X1 X's X& 

+ a.1011 X1 Xs X4, + .3aou x1 2 Xe 2 X".4 + ao222 ~ a Xe 2 x.., 2 

The least squares estimate of the parameters of this.model was calculated 

and is presented as follows: 

ll 80027 

a1000 122097 

ao100 =67 .71 

aoool -)Oo29 

aoaoo =7J.J6 

auoo 87.81 

aouo 37.97 

8eou =15.66 
= 

8a210 7.42 

9aaao = 5.76 

a1101 -32.68 

la:;i l O l = 1.24 

a1011 35°53 

Beo21 4.61 

ao:222 44.24 

au22 =37.99 

The sum of squares removed by the$e parameters is given in Table 

XIX. Here again the size of the residual sum of squares indicate~ that 



the variation not accounted for by the model is probably due to random 
A. 

error. To test this further, the predicted values, Ya, are ealeulated 

and are presented in Table XX. = A 
The residual deviations, ! 3 - Y3 11 are 

A 
given in Table XXI. The general trends for the Ya are similar to that 

= - A or Y3 • There a.re no definite trends for Ya - Ya that would indicate that 

the residual is not distributed normally. The half-normal.plot of the 

residual deviations is presented in Figure 5. This graph shows the 

residuals are not too far from a normal distribution; however, the mean 

is not zeroo If the mean is zero~ the line must .. pass tbrc,ugb the origino 

Source DF 

Total 567 

R(tJ.) 1 

R(JJ, ,a) 16 

R(a) 15 

Residual 65 

Error 486 

TABLE XIX 

ANALYSIS OF VARIA.NCE OF BODY 
WEIGHT CHANGE MODEL 1 

SS MS 

'+3,537,988 

1,036,806 

1111.512,129 

10,475,323 69811354.86 

4,024,403 61,913.89 

28,001,455 57,61_6.16 

F 

12.12(P < .01) 

LO? 

The estimated para.meters of Body Weight Change Model 1 are tested 

in the same way as the parameters in tbe nutrient intake Models. The t 

value is calculated for the parameter to test the hypothesis that each 

one is equal to_zeroo These are listed in Table XX.IL .The 5 pereent 

level of probability is used to select terms for Body Weigbt Change 
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TABLE XX 
A 

THE PREDICTED VALUES, ~, FOR BODY WEIGHT 
CHANGE MODEL 1 

Protein (Grams) 
13 16 19 

Milliliters M" lliliters Milliliters 
180 230 280 180 230 280 180 230 280 

('-. 
N 107.7.5 64.25 64.57 202.78 112. 59 142.20 259.75 134.57 205.17 ,.... 

,-... 
II.I a rn '"'('-. 

0 0 ('""\ 101.19 39.46 -22.27 104.91 74.62 44.33 106.15 109.78 11J.41 '° .._,. ..... 
N 

+> .c: 
t>D 
·rl 

~~ ,.... 86.39 3, 15 .. 98.81 95.52 36.65 J4,94 96.27 73.47 18}.81 

('-. ' 
N -J6.89 -42,70 -17,19 125.22 80.27 65.64 280.11 203.24 157,69 ,.... 

,-... 
U) 
s 
~ 

0 c.'.l ('-. 
-12.41 -42,70 110.56 80.27 49,98 20J.24 0 .._,. ('""\ -72,99 233,53 172.95 

('""\ ,.... 
+> 
-!?n 
·rl 
Q) 
~ ('-. 

-42,70 94.90 34.32 .::t 2.8,5 -119,57 80.27 177,73 203.24 197,43 ...... 

('-. 
N .. 266.13 -322,73 -18),55 -8.,58 -98,77 -69, 16 215.87 98.83 25.61 ,.... 

,-... 
II.I s rn 

0 bM .... 272. 73 -271,58 -270.4) -30.51 -60.80 -91.09 214.19 149,98 85.77 .::t .._,,.... 
('""\ 

+> .c: 
t>D .... 
{ ('-. 
- .::t 

...-< 
-135,61 -231.95 -195.15 36.04 -22.83 -24.54 204.27 189,61 156.13 
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TABLE XXI 

4- I\ 
THE RESIDUAL pEVIATIONS I Y13 ... ~ , FGR BODY WEIGHT 

CHANGE MODEL 1 

Protein (Grams) 

13 16 1.9. 
Milliliters Milliliters Milliliters 

180 230 280 180 230 280 180 230 280 

-34.89 81.46 13.00 -91.35 -86.88 -42.20 45.96 -24.57 -28.03 

-16,90 -73,54 -3.44 106.52 -44.62 -142.70 -59,01 101.65 -56,27 

-33,53 _33.15 57,38 146.oo 200.49 92,20 -23,41 47,96 -108.10 

' 
-135-97 -67,30 -88.52 18,07 -25,98 -65,64 -17, 25 72,47 40.60 

32,84 97,30 68.44 173,73 19,73 -31.41 27.03 -86.10 22.76 

80.01 102.70 2.43 -176.33 125.44 .;.121.1}6 -47.73 121.05 -67,43 

94.70 -124.44 64.12 -204.28 -72.66 37.73 18.42 -85,97 -19.90 

82.98 98.29 79.00 -169.0E 30.80 -90,34 38.67 2.88 92.80 

-42,96 90,52 -11.99 -33.H: 67,12 114 • .57 75.73 67.53 -96.13 
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Parameter 

µ. 

a.1000 

B.o100 

Booo1 

8o200 

a1100 

aouo 

Boo12 

~lUO 

~uo 

a.1101 

~101 

a1011 

B.:.iou 

So:eu 

a112r.i 

TABLE XIII 

CALCULATED t FOR THE ESTIMATED PARAMETERS 
OF BODY WEIGHT CHANGE MODEL 1 

Estimate Cu &2 Ci 1 
l V S2cu 

80027 000529 327.52 18008 
e. 

122.97 .00265 164.07 12.81 

=67071 .00265 164.07 12.81 

=J0.29 000476 294.71 17.14 

=73.J6 .01096 678.57 26.04 

87.81 .00714 442.06 21.02 

37°97 .00397 245.79 15065 

=1.5.66 .00564 349.19 18068 

?.42 .00846 .523.79 22.87 

= 5o76 .01275 789.40 28.08 

=32068 .00595 368.38 19.18 

= 1.24 .00595 368.J8 19.18 

35°53 .00.595 368.38 19.18 

4.61 .01071 663.09 2.5.75 

44.24 .01275 789.40 28.08 

=37.99 .01607 994.95 31.53 

47 

t* 

4.44 

9.60 

5.28 

1.76 

2.81 

4.17 

2.42 

.84 

o)2 

.21 

1.70 

006 

1.8.5 

.18 

1..57 

1.20 
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Model 2o This model is: 

When the parameters are re-estimated, the new prediction equation becomes 
A 
Y3 = 80 o 2? + 1220 97x1 - 6? o 71:xe = 560 26J!e 2 + ?O o 92x1 Jre + .37. 971 :ire 

The analysis of variance for this model is presented in Table XXIIIo 

Here again the residual sum of squares is not statistically significant, 

so from this test it appears that this Model accounts for as much treat-

ment variation as the previous modelo 
A - I\ 

The Ya and Ya - Ya are calculated 

and listed in Tables XXIV and XXV, respectively. As would be expected 9 

the general trends for the values in these tables give no indication that 

the residual variation is caused by something other than random erroro 

The residual deviations plotted in Figure 6 show that the distribution 

is not as ~lose to ~ormal as it was for Body Weight Change Model lo 

However 9 the mean seems to be nearer to zeroo Considering all tests made 

on the body weight change prediction models, it is difficult to pick one 

over the otbero 

Source DF 

Total 56? 

R(µ) 1 

R(µ. ,a) 6 

R(J) 5 

Residal -75 
Errer. 48.6 

TABLE XXIII 

ANALYSIS OF VARIANCE OF BODY 
WEIGHT CHANGE MODEL 2 

SS MS 

43,537,988 

1,036,806 

101)514,869 

9,4781)063 11189.5,612 

511021,664 661)955 

28~001 94.SS 5?,616 

. -
.. r .. 

F 

28oJ1(P < 001) 

1o16 



TABLE XXIV 
I\ 

PREDICTED ,VALUES , Ya , FOR BODY WEIGHT CHANGE MODEL 2 

Protein (Grams) 
13 16 19 

Milliliters M lliliters M11lilite .. s 
180 230 280 180 230 280 180 210 280 

~ 77.64 77.64 77.64 129 ~69 129 .69 129.69 181.75 181.75 181.75 ............ 
; 
~ 

0 .8~ 
'° 39.67 39.67 39.67 91.72 91.72 91.72 143.77 14J.77 143.77 C\I +> .... 

'fii 
~ 
~ 1.70 1.70 1.70 53.75 53.75 53.75 105.80 105.80 105.8Ci .... 

~ -42.70 -42.70 -42.70 80.27 80.27 80.27 203.24 203.24 20J.24 ,..... ...... 

~ 
l:: 

0 .s~ 0 
(Y"\ 

-42.70 -42.70 -42.70 80.27 80.27 80.27 203.24 203.24 203.24 +> ...... 
..c:: 
bl) 

'" G> 
~t':-

..::t 
-42.70 -42.70 -42.70 80.27 80.27 80.27 203.24 20).24 20).24 ...... 

~ 275.56 -275-56 ... 275.56 -81.67 -81.67 -81.67 112.22 112.22 112.22 ...... ,...... 
Ul 

iii 
0 ~~ ..237 •. 59 -237.59 -4).70 -43.70 -43.70 ..::t -237-59 150.20 150.20 ·150.20 
(Y"\ ...... 

+> 
·R 
,,-1 

~ 
~ J.99. 62 -199,62 J.99,62 -5.73 -5-73 -5,73 188.16 188.16 188.16 .... 
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- A . 
RESIDUAL DEVIATIONS, ls -1':s , FOR BODY WEIGHT 

. CHANGE MODEL 2 

Protein (Orama) 
13 16 19 

Milliliters M lliliters M lliliters 
180 230 280 180 230 280 180 210 280 

~ -4.78 68.07 -.07 · .. 18.26 -10J.98 .. 29.69 123.96 -11.7.5 -4.61 ...... -g 
~ .e ~ 44.62 -1J.96 -65.38 119.71 -61.72 .. 190.1.5 -96.63 67.66 -86.63 N ...... 

~ 
.A 

~ 

:I ~ 
51.16 -43.13 187.68 183.39 -32.94 1.5.63 ~ -31.70 73.39 -J0.09 ...... 

f:J -130.16 -67.JO 147.41 64.02 -25.98 -80.27 .59.62 72.47 ~4.95 ..... -I 
0 e~ 0 63.13 _97.30 -98.73 204.02 19.73 -61.70 · 103.90 -86.10 -1-53 ("'\ ~ ...... 

fo ..... . 

:I 
·~ 125.56 102.70 -'74.44 -161.70 12.5.44 -167.41 -7).24 121.0.5 -73~24 .,.. 

~ 104.13 -171.61 1.56.13 -131.19 -89.76 .50.24 122.07 .. 99.36 .106 • .51 ..... ·-I 
g ~ f;: -1.18.12 64.30 46.16 -94.87 13.70 .. 137.73 102.86 2.66 28.37 
("'\ fo ...... 

..... 
:I 
~ 21.05 se.19 .7.52 8.5S 50.02. 95.73 91.84 68.98 -128.16 ...... 

' .... : .. :.':> t:: i,. :'"::_.-.. " ··,· 
,'.· '. ·- .. ,.,. ,", , .. 

---.- ·-·. 
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In the analy~fa of these data by Gleaves 9 the:re oc~urred a weight x 

wa~ signifi~ant at the five pe:r~ent level of probability and that the 

interpretation was very difficulto In the present analys1$~ there i~ 

a weight linear x volmne quadrati~ intera~tion which is significant at 

the one percent level of p:robabilityo Thi$ ~an be seen in the analysis 

of variance (Table XVIII)o Thi~ effe~t wa® in~luded in Body Weight 

it is not ~ignificantly different from ~eroo Therefore 9 it was not 

included in the Body Weight Change Model 2o With no consistent pattern 

of r~pon~e 9 as reported by Gleave~ 9 it ~ould well be that tho~e effects 

~ Pr~duetioni The ainaly~i~ of varian@e for egg produatiom i~ 

given in Table XXVIo By @hoo~ing the effe~ts wbi~h are significant at 

the ten per~ent level of probability9 the Egg Production Model 1 1~ 

2 
~ = µ. + a.1000Xll. + clb)loo~ + ~oooX)l,~ _+ auooX)l,~ + B!iij!100X1 ~ 

a ~ ~ 2 + a)l, o ll o xl!, ~ + ~~ u, X)l, ~ Jfs + ~ ll o ll X1 ~ ~ + auo il xll. ~ :ir..t. 

The lea~t $quare$ estimate of the parameter~ @f thi~ model are 
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TABLE XXVI 

ANALYSIS OF VARIANCE FOR EGG PRODUCTION 

Source DF SS Fl 

Total 566 1,0211148?043 
Treatment [80] 

Protein(P) (2) 171,553.31 
PL 1 160,48509.5 160,485.95 137.58• 
PQ 1 11,067 .36 11,067 .36 9o49* 

Energy(E) (2) 1129259.57 
EL 1 1119372.87 1111'372.87 95.48* 
~ 1 886.70 886.70 .76 

Weight(W) (2) 1 /?52.51 
vl 1 1 ,635.38 19635.38 1.40 L 
w. 1 117.13 117 .13 .10 Q 

Volume(V) (2) 3,027.31 
VL 1 1,190.93 1,190.93 1.02 
Vq 1 1,836.38 1,836.38 1.57 

Interaction (72) 
p x E (4) 789366.65 

Pi. EL 1 69 92J_5.43 69,23.5.43 59.35• 
Pq EL 1 .59905.78 5,90.5.78 .5.06• 
pl ~ 1 2,.515.40 2,.515.40 
PQ ~ 1 710.04 710.04 

p xW 4 2~016.40 504.10 
p xV 4 3,768.84 942.21 
E x'W (4) 5,409.74 

El WL 1 49792.86 4,792.86 4.11* 
E'q WL 1 520.01 520.01 
EL WQ 1 95.72 95.72 
~ WQ 1 1.1.5 1.15 

E xv 4 49055.69 1,013.92 
WxV 4 3i492.78 873.20 
p x E x'W (8) 9~822.97 

PL E1. 'W1. 1 2J8. 10 2J8.10 
Pq E1. w 1 2922Q.96 29220.96 I. 
PL ~ w 1 828.01 828.01 L 
Pi, E1. Wq 1 40.01 40.01 
PQ ~ W"i. 1 4p160.10 49160.10 7.474* 
Pq EL w. 1 1,288.90 1~288.90 Q 

PL ~ w. 1 57 .9.5 57.95 Q 
p E'q Wq 1 988.96 988.96 q 

p x.E xv (8) 16g)J2.44 
P1., EL v 1 2~530.38 J 2!1530.38 l 
Pq EL V1. 1 4980).84 4980J.84 40118* 
pl ~ V1. 1 5!1856.20 )9856020 50021* 
p El Vq 1 29008.01 29008.01 l 
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TABLE XXVI (CONTINUED) 

Source DF SS MS p1 

PQ Fq VL 1 200.07 200007 
PQ EL VQ 1 333040 333.40 
PL Fq Vq 1 128.04 128.04 
Pq Fq 1l 1 472 • .51 472.51 Q 

p xWx v (8) 12,448.28 
p WL VL 1 :37.5.01 375.01 L 
Pq WL VL 1 6,407.16 6,407.16 .5.493* 
PL w. VL 1 2,133.67 2,133.67 Q 

PL WL Vq 1 8JOoJ4 830034 
~ Wq VL 1 196.57 • .33 1,657.3.3 Q 

~ w. VQ 1 226 • .34 226.J4 Q L 
p Wq Vq 1 744 • .52 744.52 L 
Pq WQ Vq 1 73.91 73.91 

E xWxV 8 8,785.16 1,098. 15 
p x E x W.x V (16) 21,514006 

PL ~ w v 1 670.32 670.32 L L 
Pq ~ Wi. VL 1 165076 16.5.76 
PL Fiq WL Vi. 1 1,.500029 1~500029 
PL ~ Wq V1. 1 210058 210.58 
PL EL WL V, 1 3.05 )o05 Q 

Pq ~ WL VL 1 3,79.5.57 3979.5.57 )o~5* 
Pq EL Wq Vi. 1 49259.11 4,2.59.11 3.6.5* 
Pq EL WL Vq 1 764.76 764.76 
PL Fq Wq VL 1 5,619.44 5,619.44 4.82* 
pt. ~ WL V, 1 30.73 30.73 Q 

P1. E1. w. V, 1 2,826.73 2,826.73 Q Q 

Pq ~ Wq Vi. 1 3,235.57 3,23.5 • .57 2.77* 
Pq Eq W1. Vci 1 36.01 36.01 
PQ Ei. Wq Vq 1 0.82 0.82 
PL Fq, Wq Vq 1 1,486~24 1,486.24 
Pq Fq Wq Vq 1 6.6? 6.67 

Error· 486 .566,891. 72 1,166.44 

1with 1 and 486 degrees of freedom tbe following probabilities holdg 

F = 6.70 p < .01 

F :;:: J.86 p < .05 

F = 2.7.5 p < .10 

*Effect is included in the model for prediction purposes. 
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. .:.:,-r~: 

IJ. 1J6o5J 

a1000 20061 

Boioo =11o.57 

~000 - 9oJ5 

auoo 16o,5? 

8s100 - 8038 

all.Oll.O 2o08 

Bauo .92 

Ba:i.01 - 1.04 

auo1 2.11 

Baou = 2.70 

8g:u1 11.57 

a.121 .89 

a:i.2:u 1.57 

Ss:aa:i. - 5°95 

The analysis of variance for this model is presented in Table XIVII. 

From this table it appears that the parameters im the model have removed 

.I\ - " all variation except random erroro The I. and Y4 - I. are calculated 

and listed in Tables XXVIII and IXIX~ respectively. These two tables 

of data are in agreement with the results of the analysis of variance 

for tbis model. There are no obvious trends in these results which 

would indicate that Egg Productiom Model 1 would give predictions 

different than tbe expected values. The half-normal plot of the 

residual deviations is in Figure 7. This sh9WS that variation not 



accounted for by the model is approaching a normal·distribu.tion 0 

Source DF 

Total 567 

R(µ.) 1 

R(µ. ,a) 15 

R(a) 14 

Residual 66 

Error 486 

TABLE XIVII 

ANALYSIS OF VARIANCE OF EGG 
PRODUCTION MODEL 1 

SS 

1011648»299 

9,626,812 

10,001,787 

374,975 26,78Jo92 

79,620 1,206.:,6 

;661)891 19166044 

F 

22o96(P < 

LOJ 

.01) 

In order to _eliminate some~f the terms in tbe modelp the hypothesis 

that eaeb parameter is equal to zero was t.$stedo The results of this 

test are given in Table III. As before, the effects for wbicb the 

parameters are different from zero, with 95 percent confidence, are 

included in Egg Production Model 2o The new model is 
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TABLE XXVIII 
A 

PREDICTED VAL~, Y., FOR EGG PRODUCTION !«>DEL 1 

Protein (Grams) 

13 16 19 
!fl lliliters M lliliters M lliliter.s 

180 210 280 180 210 280 180 210 280 

[',. 
N 161.36 144.19 127.02 148.10 148.10 148.10 156.72 148.11 139.50 .... -

~ 
j 
- f;: 144.?0 .143.03 141.36 148.10 148.10 148.10 14?.36 151.11 154.86 N +) .... 

,Q ~-· ..... 
:I [', 

144.98 163.24 .:t 141.30 141.8?. 142.44 148.10 . 148.10 148.10 154.11 .... 

~ 105.95 108.65 111.3; 136.53 136.S:3 · 136.53 143.01 145.71 1148.41 ..... -a 
~ 

.. 
0 
0 -~ 106.57 106.57 106.57 1)6.53 136.53 136.S:3 147.79 147.79. 147.79 ("'\ 

+) .... 

fo ..... 
:I 
~ 107.19 1o4.49 101.79 136.53 136.53 136.53 152.57 · 1~.81 · 11:f.?.17 .... .. 

~ 91.30 71.27 50.24 124.96 124.96 124.96 153.94 141.47 129.00 _ .... 
! 

g .e ~ 
73.86 70.11 66.36 124.96 124.96 124.96 . 142.80 144.47 146.14 

("'\ +) .... 

fo ' 
..... 
:I 
~ 72.24 '. 66.95 65.66 124.96 124.96 . 124.96 : 114i2.20 . 147.47 152.74 .... 



TABLE XXIX 
- J\ 

RESIDUAL DEVIATION, ~ -1'. , FOR EGO PRODUCTION 
MODEL 1 

Protein (Grams) 
b 

13 16 19 
Milliliters Milliliters · Milliliters 

180 230 280 180 230 280 180 210 2eo • 

~ .. 1.79 9.H> -9.68 4.04 -6.24 -1.24 3.28 .89 12.21 -M 
II) & 

e ~· 

0 
0 -f;:;· '° 8.44 -23.03 -.36 3.90 -3.67 1.53 :..7.93 12.32 5.14 N 

}M 

:I ' 

~ .84 1.27 -3.44 7.04 .76 -21.24 , ... 4.12 .. 7.25 -.67' M 

... ··~ 

~ 9.76 ' 
,-..M -.81 18.35 .94 4.18 10.90 · -5.15 -2.57 19.70 

IQ 

0 I 
0 - !.'- 13.61 -25.J6 C"'\ ~~ -16. 71 · 8.oo 5.86 -4.39 10.90 18.92 -1.08 

ii, 
,rl 

i . !.'-

- ..::t a.95 14.80 -.22 -7.67 7.18 -7-96 -2.57 17.13 -6.17 M 

!.'- r -~ 2.27 -10.70 -5.10 _39.2~ -19.39 17.04 6.20 -24.33 11.71 

! 
0 

j - !.'-C"'\ -14.72 11.18 -1.65 -4.1( 2.33 -25.96 9.91 1.53 1.15 C"'\ fa M 

,rl 

i 
!.'-
..::t .15.10 11.04 3.63 3.7~ 25.47 21.90 9.66 5.10 -8.17 M 
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Parameter 

µ. 

a.1000 

clo100 

~000 

a1100 

aloll.o 

3..e:rilll.© 

3..ell.O l 

al:lilOll. 

~Oll.l 

~:iU.ll 

~Ull. 

a:u1~:1 

aa~al 

TABLE XXX 

CALCULATED t FOR THE ESTIMATED PARAMETERS OF 
EGG PRODUCTION MODEL 1 

E&•rtimate ~Caa 
ll. 

-j'creu Cu 

1360.53 000529 60)8 2o_526 

20061 000265 )o20 10789 

=1L.57 000794 9o58 )009.5 

= 9o)5 000794 90)8 )0095 

= 8oJ8 001190 14oJ5 )0781 

2o08 o00J97 4o79 20188 

092 000595 7o18 20679 

= L04 001786 21..54 4o6J7 

2o71 001786 21054 4o6J7 

2o'70 001786 21054 40637 

11057 002678 32/31 50683 

=o89 o0~678 J2oJ1 50683 

L.5? 002678 )2oJ1 50683 

= 5o95 000893 10o?'? )0286 

60 

t* 

.54004 

11 o.52 

)o14 

)o02 

2o21 

095 

o)4 

022 

o.58 

o.58 

2o0) 

016 

027 

1o81 
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1 µ. 

X1 a1000 

~ ao100 

~ = X12 Baooo 

~l~ iiuoo 

X1 2 ~ ~lOC> 

X1a~2:lls~ %au 

When the parameters are re-estimated, the simpler prediction equation is 

1 1J6o)) 

X1 20061 

Xg -lL.57 
I\ 

X1, 2 9°3.5 Y4 """ = 

X1Xg 16 • .57 

X1 2 Jfi2 = 8 • .38 

X1 2 Xa :a X's~ 8.88 

The analysis of variance for this .model~ which is presented in Table 

XXXI, indi~ates that for Egg Produotion Model 2 the residual sum of 

squares appears to be entirely random error. 

The predicted values j Y4 ~ and the residual deviations~ ~ - t 9 

are calculated and presented in Tables XXXII and XXX:III 9 respectively. 

The values in these tables indicate tbat Egg Production Model 2 should 

do a reasonable job of prediction. The ~alf=norma.l plot of the residual 

deviations is in Figure 8. The result of this test shows that Egg 

Production Model 2 is probably better for prediction purposes than 

Model 1. The residuals in Model 2 appear more nearly to approximate 

a normal distribution with a zero mean than those for Model lo 



Source DF 

Total 567 

R(µ.) 1 

R(µ.,a) 7 

R(a) 6 

Residual 74 

Error 486 

TABLE XXXI 

ANALYSIS OF VARIANCE OF EGG 
PRODUCTION MODEL 2 

SS MS 

10,6489299 

9,626,812 

9,993,6.54 

3669815 61,13508) 

879.541 1jl182o98 

566,891 19166044 

62 

F 

5L67(P < 001) 

L01 

In the analysis of egg production, Gleaves was not able to demonstrate 

any interaction effect except for protein x energyo In the present 

analysis 9 the 4=way interaction x12 Xa 2 Xs74 was signifiea~t at the 5 

percent level of probability in each test. Since the protein x energy 

interaction is so strong 9 as demonstrated both by Gleaves and by the 

present analysis, it is the author 0s opinion that this 4-way interaction 

is primarily protein quadratic x energy quadratico Just why volume and 

weight show up in the same term is unexplainable with the data now 

available. Future experiments will be necessary in order to understand 

these results more fully. 

!gg Weight.~ The analysis of variance for egg weight is in Table 

XXXIV. According to the procedure with the previous models 9 the effects 

which were significant at the 10 percent level of probability are used 

to make up Egg Weight Model lo The prediction equation model is 
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TABLE xxxn 

" PREDICTED VALUES, !,, 9 FOR EGG PRODUCTION MODEL 2 

Protein (Grams) 
1) 16 19 

Milliliters Milliliters Milliliters 
180 230 280 180 230 280 180 230 280 

N 151.97 143.09 134.21 148.10 148.10 148.10 159.52 150.64 141.76 ,...... ..... 
CD 

9 
~ 

0 -~ 'IO 14).09 14).09 143.05 148.10 148. lC 148.1( 150.64 150.64 150.64 N ~ ...... 
bO • 
.,.; 

~ 
['.. 
..::t 134.21 143.09 151.9'i 148.10 148.1( 148.1( 141.76 150.64 159.52 ..... 

' f.';j 106 • .57 ,..... ..... 106.57 106.5'i 136.53 136.5: 136.5' 147.26 147.26 147.26 
ID 

~ 
S.. 

0 .8.~ 0 106.57 106.57 106.5'1 136-5:3 136.5 136. 5' 147.26 147.26 147.26 ('"\ ..... 
+> 
.Cl 
bD 

.,.; 

~ 
~ 106.57 106.57 106.5~ 136.53 136.5 1J6.5' 147.26 147.26 147.26 
..... 

E 78.93 70.05 61.1~ 124.96 124.9( 124.9t 153.29 144.41 135.53 
,...... 
ID 

j ~ ~ 70.05 70.0.5 ?o.o~ - .... 
124.96 124.9t 124.9i 144.41 144.41 144.41 

('"\ 
+> 
~ 
.,.; 

~ t' 
..::: 61.17 70.05 . 7a.9: 124.96 124.9t 124.91 135.53 144.41 153.29 ... 



TABLE nxrrr 
- /I RESIDUAL DEVIATION, ~ -Y4 , FOR EGG PRODUCTION 

MODEL 2 

Protein (Grams) 

13 16 19 
Milliliters M lliliters Milliliters 

180 230 280 180 230 280 180 230 280 

['-

7.~o 4.04 -6.24 C\I 10.20 -17.07 -1.24 .48 -1.64 9.95 .... ,-... 

!-.... 
0 c:, ['-

-3.67 ~ -~ 10.05 -2).09 -2.09 3.90 -1.53 , -11.21 12,79 9,36 .... 
~ .c 
or! 

it--
7,04 .?6 -21.24 .:t 7.93 .05 -12,97 -,90 -3,78 3,05 .... 

['- ' 
C\I -1.43 20.43 5.79 4.18 9,76 10,90 -9.40 -4.12 18,55 ,.... .... 

' 

! ' 

0 
0 ........ ['-
CW"\ ~ -16,71 8,00 ~ .... 5.86 -4.39 10.90 13.61 19.45 -,55 24.83 

! 
i 

['-
.:t 9,57 12.72 -5,00 -7,67 7,18 -7,96 2.74 19.74 -6.26 ...-'4 

~ · 14.64 
,-......-:4 

-9,48 -16.03 -39,25 -20.39 17.04 6.85 -27,27 5,18. 1 

m 
m 
~ 

0 - ['- -10,91 11.24 5,90 -4.10 . 2.33 .. 25,96 8.30 1 • .59 2.88 1' ~ !:;' .c 
bl) 

or! 

i 
~ -4.03 9,95 -9.64 3.75 25,47 21,90 16.33 8.16 -8.72 . .... 
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TABLE XXXIV 

ANALYSIS OF VARIANCE OF EGG WEIGHT 

DF SS MS 

Total .566 5~06L40 
Treatment [80] 

Protein(P) (2) 47Jo01 
P1. 1 4JL96 4JL96 56018* 
Pq 1 4L04 4L04 5oJ4* 

Energy(E) (2) 177000 
E1.. 1 175004 175004 22076* 
Eq 1 L96 L96 025 

Weight(W) (2) )2o1) 
W1, 1 1705.5 1705.5 2o28 
Wq 1 14o,5? 14o.5'7 L89 

Volume(V) (2) 19047 
vl 1 LOB L08 0.14 
Vq 1 HLJ8 18oJ8 2oJ9 

Intera«:ition (72) 
p :x E (4) 150.56 

p E11, 1 115.14 115014 14097* l 
Pq E11, 1 7.,24 7.24 
P11. F,q 1 27.04 27.04 J.51* 
Pq ~ 1 1.14 1.14 

PxW 4 2.31 .58 
p xv (4) 30 • .56 

P1, V11. 1 J.41 :,.47 
PQ v1. 1 24.60 24.60 J.19* 
P1. Vq 1 2.0.5 2.05 
Pq V1:1 1 .64 .64 

ExW 4 7.94 L98 
ExV (4) J4.50 

E1. v\l; 1 15.70 15.70 2.09 
~ v\l; 1 9o62 9o62 
Eo. V, 1 )o92 3.92 Q 

~ Vq 1 5.26 5o26 
WxV 4 20.27 5.01 
PxExW (8) 66.65 

P1. E1. W1. 1 49040 49040 6042* 
Pq El W1. 1 .22 .22 
P1. Eq W1. 1 6081 6.81 
P1. E1. Wq 1 L17 L17 
Pq F,q W1. 1 2o18 2o18 
Pq E1. Wq 1 4o07 4o07 
P1. ~ Wq 1 081 081 
Pq F,q Wq 1 1o99 L99 



TABLE XXXIV (CONTINUED) 

Source DF SS 

P x Ex V (8) 63.61 
P1, E1, v 1 19.4? 19.47 I. 
Pq .E1. vij,, 1 1.42 1.42 
P1., F,q V1. 1 6.13 6.13 
P11., ~ VQ 1 3 • .53 3 • .53 
Pq Eq V1. 1 20.20 20.20 
Pq E1, Vq 1 4.68 4.68 
pi. F,q Vq 1 .29 .29 

2.62 

Pq EQ VQ 1 7.89 '7.89 
PxWxV 8 16.44 2.05 
ExWxV (8) 104.00 

E1, W1, v 1 1J)i8 13.48 ij,, 

~ W1. Vi. 1 .16 .16 
Ei. Wei V1. 1 10.86 10.86 
Eu., Wu., VQ 1 14.67 14.67 
~ Wq V1. 1 54 • .32 54.J2 
~ W1, VQ 1 7.57 7°57 
~ Wq Vq 1 2.84 2.84 
F,q Wq Vq 1 .10 .10 

PxExWxV (16) 126.78 

7.06• 

Pi. E1. W1, V11, 1 8.2.5 8.25 
Pq E11, W1. V11, 1 7.50 7.50 
P1. ~ W1, V1, 1 9.53 9 • .53 
pl\, E1. Wq V1, 1 J.68 J.68 
p E1, W1, Vq 1 .10 .10 I. 
Pei Eey wll. Vil. 1 8.41 8.47 
Pq E11. w. V1, 1 2.J8 2.J8 Q 

Pcy ~ W1, Vq 1 2J.6.5 2.3.65 
Pii, E'i;j w~ v 1 .JO .JO I, 

P1,·:~ W1, v 1 5.37 5.::31 . Q 

pit, Fi Wei Vq 1 45/34 4.,5.J4 
Pq ~ Wq V1. 1 8.6J 8.6J 
Pey Eq W11, Vq 1 .49 .49 
Pq E11, w. Vq 1 .05 0 0.5 Q 
Po. ~ Wq Vci 1 .48 .48 
Pq Ecy Wq Vq 1 2.06 2.06 

Error 486 )9?36.46 7.69 

J.01* 

1wit~ 1 °and 486 degrees of. freedom~ the following probabilities holdi 

F ~ 6.70 P < .01 
F ~ J.86 P < 005 
F = 2.75 P < .10 

*Effe~t is included in the model for predi@tion purposes. 
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Ys = ~ + a1000X1 + Bouo:Ka + S.000X1 3 + a·uooX1X, 

a a + a18iooX1~ + 8:2001X1 X. + au10X:n.~Xs 

The least 1quares estimates or the parameters are 

IJ, 53098 

au,oo 069 

Bo100 =068 

~000 =o5? 

a1100 o9.5 

a1aoo = 057 

~OCH o)J 

a1110 054 

2oHl =o45 

~lll.ii! =0)6 

au:u, =o62 

Tbe analysis of variance of Egg Weight Model 1 is 1~ Table xxxv. 
Tbe results of this analysis show that the residtlJ.al swn or squares is 

probably nothing more than ~andom error~ and that the parameters of. tbe 

model account for all of the significant variation in egg weight. 

The predicted v~lues -for Egg Weight Model 1 are listed in Table 

XXXVI. The trends of. these values correspond.clo~ely' to those of the 

means o This ~an be seen in the residual deviations 9 ls = \ 9 which are 

in Table XXXVII. There is no indioation from either of these two tables 

that 9 for Egg Weight Model 1~ the predi~ted values would not be similar 

to the ob~erved values in a future experlmento The balf=noma1 P,lot of 



the residual deviations in Figt1re 9 indicates that the residuals ~ave a 

distrib~tion similar to that of a aormal distributiono 

Source DF 

Total 567 

R(µ.) 1 

R(µ 9b9a) 11 

R(b,a) 10 

Residual 70 

Error 486 

TABLE XXXV 

ANALYSIS OF VARIANCE OF EGG 
WEIGHT MODEL 1 · 

SS MS 

1,6J41)29?o?) 

19629si2J6oJ4 

1,6J0,14LJ9 

905.05 90o5 

419.88 6000 

3!1736.46 7'~69 

F 

15o08(P < 001) 

.78 

The calculated t for each or the parameters of Egg Weight Model 1 are 

listed in Table XXXVIII. By cbo~~ing the parameters which are significant 

at the 5 percent level of probability 9 Egg Weight Model 2 becomes 

1 IJ, 

X1 a1000 

Xe ao100 
Ys !Ii! 

x,/il 8-ooo 

X1~ au.o(!I 

X1'2~ au10 

This model 1$ similar to that or Egg Production Model 2. This is 

to be expected, since tbe egg weight mean~ followed the same pattern as 
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TABLE XXXVI 
/\ 

PREDICTED VALUES, Ya, FOR EGO WEIGHT MODEL 1 

Protein (Grams) 

13 16 19 
Milliliters M lliliters Milliliters 

180 230 280 180 230 280 180 230 280 

('.. 
(\I 52.38 53.24 52.14 55.11 54.66 54.21 55.32 54.94 55.oa ...... -Ill 

0 Ir--. 
'° -<""\ 53.45 53.78 54.11 .54.66 · .54.66 54.66 54.07 54.4o 54.73 N .-I 

+' 
.Cl 

'" :i ~ 54.18 54.32 .53.94 55.11 54.66 .54.21 54.96 5J.86 .54.72· ...... 

~ 52.39 
-..-1 

.52.72 53.05 .53.98 53.98 .53.98 .53.77 54.10 54.43 
a 
£! 

0 0 
0 -r,.... 52.39 .52.72 53.05 53.98 53.98 . 53.98 53.77 .54.10 ,54.43 <""\ 

+' ~ 
-ei 
'" :I 
~ 52.39 52.72 53.05 53.98 53.98 53.98 53.77 .54.10 54.43 ...... 

~ 52.16 51.06 .51.92 53.7~ .53.30 52.a.5 54.26 54.4o 54.02 ,... ..... 

I 
0 

0 -r--. .53 .J< · 54.61 54.94 . .it <""\ 50.19 50.52 50.0.5 .53.30 53.30 55.27 
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TABLE XXIVII 
- .... 

RESIDUAL DEVIATIONS, Ys -l's , FOR EGO WEIGHT 
.MODEL 1 

Protein (Grams) 

13 16 19 
Milliliters M).lliliters Millilite s 

2.30 280 180 2.30 280 180 2.30 280 

1 • .30 • .32 -1.01 .11 .95 -1.29 .45 .82 

-1.70 .28 • 7.3 - • .5.3 •• .3.3 -.10 .50 -1.69 

•• 26 1.25 1.09 • .31 .... 42 .87 -·55 .o4 

.. 
I 

.. 1 • .36 1.28 •• 8~ -·95 .5f · .JO · •• 16 • .31 

•• 51 -.48 2.25 •• 92 .01 1 • .32 • .39 -1.80 

.78 .25 - • .3, -.o4 2.22 •• 26 -.46 .08 

1 .• 00 •• 06 .8~ .4J .. 1.95 .10 •• 94 • .35 

.24 -.6.5 ..;. • .5: -.89 -1.06 .... 38 •• 91 .. 2.3 

•• 28 • .37 1.~ -.J6 ... .35 .• 51 .6; 1.12 
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TABLE XXXVIII 

CALCULATED t FOR ESTIMATED PARA.METERS 
Of $00 WEIGHT MODEL 1 

Parameter Estimated S2c11 
l 

V-&2011 Cu 

µ. 

a1000 

So100 

8:aooo 

a.uoo 

a1200 

~001 

au10 

3oa:u 

8-.2 l u 

au.22 

53.98 

.69 

=068 

=o57 

.95 

.57 

.33 

• .54 

- .4.5 

<ro36 

=.62 

1 S2 = 7.90 

*t.01 = 2.648 

toos = 1.994 

.00529 .0418 .2044 

.00794 .0627 .2504 

.00265 .0209 .1445 

.00794 .0627 .2504 

.00714 .0564 .2374 

.01190 .0940 .3066 

.00564 .0445 .2109 

.00595 .0470 .2168 

.00846 .0668 .2.584 

.00893 .0705 .2655 

.01607 .127 .3.563 

7J 

t* 

264.09 

2.75 

4.70 

2.27 

4.00 

1.85 

1.56 

2.49 

1.74 

1.35 

1.?4 



?4 

egg productiono The least squares estimate or the new egg weight model 

·resu,lts in the following equation: 

1 9 5J.98 

X1 1.07 

/1. x. -.68 
Is = 

X12 -·51 

X1 Jre .6? 

X1 JrsJrs .54 

The analysis of variance of this model is in Table XXXIX, __ The results 

in this table indicate that Egg Weight Model 2 is just as good for predic-

tion purposes as Model 1. The residual sum or squares appears to be due 

to random error. The predicted values for the equation from this model 

are listed in Table XL, and the residual deviations are listed in Table ILL 
1 

The data in these two tables indicate that the prediction equation is 

reasonably good. The balf-normal.pl.ot in Figllre 10 shows that the-resid­

ual is not distributed as close to normal as in the case of Egg Weight 

Model 1. 

TABLE XXXIX 

ANALYSIS OF VARIANCE OF EGG WEIGH;T MODEL 2 

Source DF SS F 

Total 561 1 p634»297 

R(µ.) 1 1,629,236 

R(p. 9a) 6 196)09048 

R(a) 5 812 162.)1 2J. 7J(P < .01) 

Residual 75 513 6.84 089 
Error· 486 J,736 7.69 
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TABLE XL 
. ~ . 

PREDICTED V ALOES, Ys , FOR EGG WEIGHT MODEL 2 

Protein (Grams) 
13 16 19 

Milliliters M lliliters ~LlliliteJs 
180 230 280 180 230 280 .· 180 230 280 

" 
53.15 53.15 53.15 ,54.66 .54.66 ,54.66 55.03 55.03 5.5.03 

53.69 .53.69 53.69 54.66 ,54.66 ·54.66 .54.49 54.49 ,54.49 

I. 

.54.23 54.23 54.23 ,54.66 ,54.66 54.66 53.95 53.95 53.95: 

' 52.34 52.34 52.34 53.98 53.98 53.98 ,54.48 ,54.48 . SZ,..48.: 

52.34 52.34 52.34 53.98 .53.98 53.98 ,54.48 ,54.48 ,54.48 

.. 

.52.34 52.34 .52.34. · . .53.98 .53.98 .53.98 ,54.48 ,54.48 54.48 

. . .. 

.51..53 .51.S:3 . 51.S:3 53.30· 53.30 .53.30 53.93 53.93 53.93 .· . 

.. 

50.99 50.99 .50.99 .53.30 53.30 ·. .53.30 ,54.47 S,,..47J 54.47, 

. . '' .. . . .. :! 
50.45 ,50.4.5 50.4.5 ·· 53.30 53.30 SJ.JC 55.01 1 .5.5.01/ 55.01 .. 
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TABLE XLI 

RESIDUAL DEVIATIONS, Ys -t , FOR EOG WEIGHT 
MODEL 2 

Protein (Grams) 

13 16 19 
Milliliters Milliliters Milliliters 

180 230 280 180 230 280 180 230 

-1.53 1.39 -.69 -.56 .u .50 -1.00 .36 

-.80 -1.70 .70 .73 . .53 -.33 -.52 .41 

--77 -.17 .96 1.54 .31 -.87 1.88 -.64 

-.80 -.98 1.99 -.82 - 0 95 .51 -.41 -.54 

.50 -.13 .23 2.29 -.92 .01 .61 .01 

.72 1.16 .96 -.JB -.04 2.22. -.45 -.84 

1.08 -1.47 .33 . 1.27 .43 -2.40 .43 -.47 

--09 -.2J - 0 79 •• 53 -.89 -1.06 -.24 -.44 

.98 ~-75 .04 1.69 -.36 .BO .18 1.12 

76 

280 

.87 

-1~45 

.81 

' .26 

-1.85 

.03 

.44 

1.03 

.49 
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Quadratic Model 

Tbe prediction equations to this point in tbe chapter were developed 
'·~. 

with the idea of using any or,all of the effects of the dietary .factors 

which were included in the experiment plus any of the interaction effects 

which could be tested by orthogonal CQmparisonso For prediction purposes 

only 9 these equations are vali~o But from tbe standpoint of functional 

relationships they are invalido In order to make any statements concern-

ing fu.nctional relationships from equations of' the type in this chapteri 

the degree of any term in the functions must not be greater than one le~s 

than the number of levels of each factor in the experimento In the 

experiment from which these data came, there were three levels of each 

factoro Therefore, the highest degree that any term can be in the 

equations and .still be valid from a functional relationship standpoint 

is two. This means tbatp in a prediction eq~ation developed in this 

thesis, if the exponents of any term sum to three or greater, the 

equation is invalid from tb~ s~ndpoint of function relationshipso Since 

~he models thus far were designed for prediction purposes only, the 

equation~ with terms which are greater tban the second degree present 

no problem. 

With tbe data used in this study, tbe model which will account for 

the maximum number of dietary eff'ects and still be ec,m.sidered valid 

from the standpoint of functional relationships is·~ full ~uadratico 

The general quadratic model is 

Y = 1,1, + ~ ~ + EI:a1 ., :xi x., + e 

i ~3 

In order to understand fully the action and interaction of pbysio= 

logical food intake regulators in laying bens 9 it will be necessary to 
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underst and the functional relationships between and among the various 

~ dietary factors, environmental factors and production responseso The 

full quadratic model, due to the nature of it 9 is not only suited to 

the study of various functional relationships in this case but it is 

the most convenient model which will all ow for a multiple response 

~ analysis o For this reason, four of the five responses (protein intake 9 

energy intake, egg production, and egg weight) studied previously in 

this chapter are fitted to the quadratic modelo 

It is assumed 9 in the model, that e.-,N(0 9a2), therefore, the same 

t ests £or goodness of fit that were performed for the previous models 

can be performed on the quadratic response functionso The parameters 

for the specific quadratic model, 

y = µ. + °bi X1 + ba Xa + ~ J!"s + ~ ~ + a1:, X1 Xg + a1 3 X1 Jrs 

+ a1 4 x1 ~ + ~ if> Xa Xs + ~" Xa ~ + ~ 4 Xs ~ + au X1 2 

are estimated for each responseo After each response equation the 

residual sum of squares is calculated and testedo Then the predicted 

values and residual deviations are calculated and a half=normal plot 

is made of the residual deviationso The responses will be taken in the 

same order as before, however , body weight change is omittedo 

Protein Intake: The quadratic response equation for protein 

intake is 
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1 0 1JoJ5 

X1 )o08 

Xe -2.03 

Xs - 0023 

Xt. - .277 

X1 JGa .199 

X1Jrs - .031 
I\ 

.067 Y1 = Xix... 

•Xs .198 

JGe x... .041 

XsXt. = 0079 

X12 - .086 

Xa8 - .211 

:XS a .160 

Xt. 
2 .042 

The analysis or variance £or this equation is in Table XLII. This 

analysis indicates that the quadratic model accounts for the majority 

of tbe variance not due to random error. 

The predicted values and the residual deviations are given in 

Tables XLIII and XLIV, respectively. From tbe data in these two tables 9 

like that from tbe previous tables of similar data, one can 1:.ell only 

that tbe predicted values follow the same trends as the observed values. 

The balf=normal plot of the residaal deviations in Figure 11 shows 

considerable deviation from the normal distribution. For this reason it 

is concluded that the quadratic model does not adequately describe the 

response of protein intake as obtained in this experiment. 



Sou.ree 

Total 

R(µ.) 

R(µ. ,b,a) 

R(b,a) 

Residual 

Error 

TABLE XtII 

ANALYSIS OF VARIANCE OF PROTEIN 
INTAKE WITH QUADRATIC MODEL 

DF 

567 

1 

15 

14 

66 

486 

SS 

105!>880.84 

99,295.53 

104,505.49 

5,209.96 

209.82 

1,165.53 

MS 

372.14 

3.18 

2.40 

81 

F 

Energy Intake: Tbe quadratic response equation for energy intake is 

1 0 252.34 

X1 13.99 

Xe - 7.02 

Xs - .101 

JI".& = ;.4; 

X1Jre 12.88 

X1Jrs = .019 
/\ 
Y2 = X1Jr.& 2.19 

~Xe J.28 

Xe ll'4 .480 

Xe ll'4 = 1.74 

X1a - 3°59 
Xg :a = 9.28 

Xe a 2.78 

~ 
:a 

= 1o21 
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TABLE XLIII 

" PREDICTED VALUF.S, Y1 , FOR PROTEIN INTAKE 
WITH QUADRATIC MODEL 

Protein (Grams) 
I 

1) 16 19 

Milliliters Milliliters Milliliters 
180 2)0 280 180 2)0 280 180 2)0 

12.81 12.54 12.20 15.74 15.55 15.27 18.51 18.)7 

' 
12.5) 12.19 11.76 15,44 15,17 14.81 18.17 17,97 

12,59 12.16 11.66 15.46 15.10 14,67 18.16 17.87 

10.56 10.)3 10.02 1).69 1).5) 1),29 16.66 16.56 

10.48 10.18 9,79 1).59 13,35 13.03 16.52 16.)5 

10.73 10.)5 9,88 1).80 1).48 13.09 16,70 16.45 

7.88 7.70 7,43 11.21 11.10 10.90 14,37 14,)2 

8.01 7,75 7.40 11.)1 11.11 10.84 14.44 14.31 

8,45 8.11 7,69 11.72 11.45 11.09 14.82 14,62 

- cc. 

82 

280 

18.16 

17.67 

17,50 

1'6.39 

16.10 

16,13 

14.20 

14.10 

14,3) 
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TABLE XLIV 

- " RESIBUAL DEVIATIONS, Y1 -Y1 , FOR PROTEIN INTAKE 
WITH QUADRATIC MODEL 

Protein (Grams) 

13 16 19 

Milliliters Milliliters Milliliters 
180 2.30 280 180 2.30 280 180 2)0 280 

I:'-
N -.76 .J4 -.21 .18 .26 .16 .85 -.07 .12 ..... 

,-... 

a s.. I:'-
0 c., n .07 -1 • .38 • .39 -.07 -.39 .13 -.80 .86 .2) '° ......, ..... 
N 

+> 
..Cl 
bl) 

'" ~~ ..... . 06 .16 -.01 1.10 • 21 .14 _.94 -.10 .50 

('.. 

. 03 N ..... -.01 .26 1.00 -.78 -.47 -.59 -.37 . 61 
,-... 
Ill 

fJ 
s.. 

0 c., ('.. 
.82 -.14 .26 .68 .45 .24 ,92 -.26 .69 0 -n 

n ..... 
+> 
~ 
'" I) 

~~ ,59 ,69 - .61 -1.22 -.26 -.28 -,5) -.02 -,24 ..... 

I:'-
-1.06 ,54 .08 ,85 N ,37 -,19 ,31 -1.02 ,19 ...... ,..... 

IIQ 
E! 
~ 
c., 
I'-' I:'--

.06 ,81 .14 -1.11 -,03 -1.0J -.2) -,19 ,74 j n +> ...... 
n ~ 

'" ~ 
('.. 
~ -.94 -,.39 - • 6.3 - , 1.3 1.09 1.1.3 .89 ,79 -.98 ...... 
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The analy~i~ of variance for this function i~ in Table XLVo The 

sizes of the mean squares i~ this Table ~bow that the quadrati~ model 

removes the greater p©rti~n~ of the variance due to treatmento 

Sour~e 

Total 

R(µ.) 

R(µ. 9 bs,a.) 

R(b 9a) 

Re&\llidual 

Error 

TABLE XLV 

ANALYSIS OF VARIANCE OF ENERGY INTAKE 
WITH THE QUADRATIC MODEL 

DF SS MS 

561 J49688siJ11 

1 '.33si9789J'.38 

15 J4si142siJ4J 

14 164900.5 11/114064 

66 79si694 1~207048 

486 466si274 959041 

F 

9o70 

L26 

(Figure 12) of the re~idual~ give~ a wimilar pi~ture as that for protein 

intake with the quad:rati~ modelo Part of the residual$ seem to follow 

indi~ation that the q'i.ll.adrati~ model doe~ ~ot adequately des~ribe tbe 

di~tribution @f the energy intake respon~eo 

!gg Pr~du~ti@ng The re~po~~e equation for egg prod~~ti~n with the 

quadrati~ :model 1~ 
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TABLE XLVI 
,. 

PREDICTED VALUES, ~, FOR ENERGY INTAKE WITH 
THE QUADRATIC MODEL 

Protein (Grams) 
13 16 19 

Milliliters Mi liliters Millilite s 
180 230 280 180 230 280 180 210 

256.68 251.52 243.92 259.20 256.23 250.83 254.53 253.75 

252.28 245.37 236.04 254.78 250.07 242.93 250.10 247.58 

253.44 244.79 233.71 255.92 249.47 240.58 251.22 246.96 

242.31 237.62 230.51 257.71 255.22 250.30 265.92 265.63 

241.19 234. 76 225.90 256.57 252.34 245.68 264.77 262.73 

245.62 237.45 226.85 260.99 255.02 246.61 269.18 265.39 

209.36 205.16 198.52 237.65 235.64 231.20 258.75 258.93 

211.52 205.57 197.20 239.79 236.04 229.86 260.87 259.32 

219.23 211.54 201.42 247.49 241.99 234.07 268.56 265.25 

86 

280 

250.55 

242.63 

240.27 

' 
262.90 

258.27 

259.19 

256.69 

255.33 

259,53 
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TABLE XLVII 

- " RF..SIDUAL DEVIATIONS, ~ -~ , FOR ENERGY INTAKE 
WITH THE QUADRATIC MODEL 

Protein (Grams) 
13 16 19 

Milliliters M lliliters Milliliters 
180 230 280 180 230 280 180 230 280 

I:'--
-14.25 7.62 1.37 -5.8 1.74 14.04 -.18 N -2.92 3.02 .... -IQ 

~ 
1-, 

0 di:'--
'-0 '-"C"'\ 1.15 -27.80 8.39 -2.92 -7-93 1.50 -9.10 13.28 - -77 N .... 

+l 
,.Q 

.;:i' 
t) 

~~ 1.13 3.35 .88 15.37 1.10 2.13 -12.36 -,67 9.02 .... 

I:'--
N 1.26 .19 5.63 19,58 -14,79 -8,59 -9,35 -6.92 0.53 .... ,,.... 

(/) 

~ 
0 di:'--
0 ......... ("'\ 18.67 -3.9 5.39 12,72 7,95 4.46 lJ.66 -6.02 -12.13 ("'\ ..... 

+l 
-§, 
,rl 

~ 
I:'-- 14.81 16.69 -1).42 -23.99 -5.45 -4. 75 -11.18 -3.10 -5.48 .::t 
~ 

I:'--
N 

6.5 -7,87 4.91 -20.79 12,9) 16.52 -18.64 J.45 .... J.51 -
~ 
d 

0 -r---
.94 .67 -4.16 -4,0J 12.81 .::t ("'\ .19 19.57 -21.9) -20.57 

("'\ +l .... 
fa 
,rl 
t) 

~ ('.. 

.::t -22.09 -8.54 -15.99 -.06 25.58 27.07 -15.30 -13,18 18.)9 .... 
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1 140025 

X:a. 20061 

:.Jr, -17016 

:rs 2~,08 

x. = 1o7? 

X1 Jrit 16o5? 

X1Jre 2o08 
,... 

/353 "!., = X:a.X., 

JGeXs 4oJ6 

JGeX.. 1.46 

XaX.. L45 

X1a - 9.35 

Xglil = 2.72 

Xe2 .968 ~- = J.82 

The analysis of variance for tbis model is in Table ILVIIIo The 

residual sum of squares in this analysis appears to be no different 

than the error sum of squares. 

Tbe predicted values and residual deviations for egg production 

with the quadratic model are given in Tables XLIX and L9 respectivelyo 

The balf=normal plot of the residuals is in Figure 1j. It appears 

from this figure that the residuals are not distributed normallJo The 

picture is somewhat like that of protein and energy intake with the 

quadratic model. Therefore 9 it is assumed that the quadratic model does 

not -describe the distribution of the egg production responses in this 

experiment. 



Source 

Total 

R(µ.) 

R(p. ,b 11a) 

R(b 9a) 

Residual 

Error 

TABLE XLVIII 

ANALYSIS OF VARI.ANOE OF EGG PRODUCTION 
WITH THE QUADRATIC MODEL 

DF SS MS 

567 109648,299 

1 9,626,812 

15 9,991,619 

14 3649807 26,0.57064 

66 89,789 1,360044 

486 566,891 1,166)~.4 

90 

F 

19015 

1o1'7 

!gg Weight: The response function for egg weight with the quadratic 

model is 
1 0 5Jo.59 

X1 LO? 

Xe - 0680 

Xa 0215 

X4, = 0053 

X1X. o67J 

X1JC"s = •. 031 

Ye; = X1 X4, .117 

x.:xe = 0017 

Jrs:lr4, - 0249 

Xs X4, - 0157 

X12 - 0572 
~2 = .126 
Xslil · .340 
X4, a .382 
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TABLE XLIX 
II 

PREDICTED VALUES, 'Y. , FOR EGG PRODUCTION 
WITH THE QUADRATIC MODEL 

Protein (Grams) 
13 16 19 

Milliliters M lliliters Milliliters 
180 230 280 180 230 280 180 230 280 

t"-
N 147.85 146.63 137.78 158.80 157.94 149.44 151.05 150 • .54 142.)9 .... -IQ 

ffl ,.. t"-
0 Cl ("'\ 141.07 141.30 133.90 1.54.10 154.68 147.64 148.43 149.37 142. 67 '-0 - .... N 

~ 

fa 
ori 

:I~ 136.23 137.91 131.96 151.33 153,37 147,78 147,75 150.14 144.89 .... 

. . 
t"-

111.02 111.26 103.86 1J3.55 139.14 132.09 147.37 - 148.32 141.63 N .... -- a ,.. 
0 Cl t"-

108.60 110.29 104.34 138.26 140.25 134.65 149.11 151.51 146.26 0 -<""I 
("'\ .... 

~ ..c 
bl) 

ori 

:I~ 108.11 .... 111.26 106.76 139.80 14J.29 139.16 152.78 156. 63 152,85 

N 68.74 70.44 64.50 112.85 .... 114.89 109,30 138,25 140.65 135,41 -
e 
Cl t"-

70.69 73.83 69.34 116.87 120.36 116.23 144,35 148.20 144.42 0 -("'\ 
..:t .... 
("'\ ~ ..c 

bl) 
ori 

i~ 74,56 .... 79.16 76.12 122.82 127.77 125.05 152.38 157.69 155.35 

-
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TABLE L 

- " RESIDUAL DEVIATIONS, 4-4, FOR EGG PRODUCTION 
WITH THE QUADRATIC MODEL 

Protein (Grams) 
13 16 19 

Milliliters Milliliters Milliliters 
180 230 280 180 230 280 180 230 280 

~ 11.72 6.66 -20.64 -6.66 -16.08 -2.58 8.95 -1.54 10.86 .... 
,-.. 

~C'-

~ c:, ("'\ 12.07 -21.30 7.10 -2.10 -10.25 -1.07 -9.00 14.06 17.33 _,... 
(\j ..... 

:!f 
!~ 5.91 5.2J 7.04 3.81 -6.51 -20.92 -6.89 -3.28 17.68 .... 

C'-
-5.88 15.74 8.43 2.16 7.15 15.34 -9.51 -5.18 -·12.92 (\j .... -

~ 
0 OC'-

-18.74 4.28 -6.12 7.18 15.49 17.6 -4.80 -23.83 0 -("'\ 8.09 
("'\ .... ..... 

,R 
..:l" 

;j ~ 
8,03 8.03 -5.19 -10.94 .42 10.58 -2.78 10.37 -11.85 .... 

C'-
(\j 24.83 -9.87 _19.36 -27,14 -9.32 32.70 21.89 -23.51 5.30 .... 

,-.. 

a 
I! 
OC'-

j '-"C"'\ -11.55 7.46 -4.63 3.99 6.93 -17.23 8.36 -2.2( 2.87 .... 
("'\ +) 

.p_ 

..... 
ic--

..:t 
-17.42 .84 -6.83 5.89 -22.66 -21. 77 -.52 -5.1, -10.78 .... 
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The analysis of variance for this function is in Table Lio This 

analysis shows that the treatment variation removed by the model is 

highly significant (P < 001), and that the residual variation is non... 

significanto 

Source 

Total 

R(µ. ) 

R(µ.,b,a) 

TABLE LI 

ANALYSIS OF VARIANCE OF EGG WEIGHT 
WITH THE QUADRATIC MODEL 

DF SS MS 

567 196349297 

1 1,629,236 

15 1,6309077 

F 

R(b,a) 14 841 60007 Bo 19 

Residual 66 484 7o33 095 

Error 486 3,736 7o69 

The predicted values and the residual deviations for this equation 

are listed in Tables LII and LIII 9 respectivelyo The half- normal plot of 

the residuals is in Figure 140 The data in this graph show that the 

quadratic probably fits the data for egg weight bett er than any of the 

responses t est edo The residual deviations appear to follow a normai 

curve very well o 

It was mentioned at the beginning of this section that the quadratic 

model was the best to use if a multiple response analysis was anticipatedo 

A condition necessary for this type of analysis of the quadratic distri= 

bution is that at least one of the quadratic forms be positive definite 
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TABLE LII 
I\ 

PREDICTED VALUES, Ys , FOR EGG WEIGHT 
WITH THE QUADRATIC MODEL 

Protein (Grams) 
13 16 19 

Milliliters M;i.lliliter.s Milliliters 
180 230 280 180 230 280 180 230 280 

('. 
N 

53.16 53.25 54.10 54.27 54.25 54.98 54.25 54.10 54.72 .-I 

,-... 

"' 
~ 

0 c:, ('. 
53,24 54.32 54.14 54.72 54.27 "' ......... ("'\ 53.17 53,87 53,97 54.43 

N .-I 
+' 
.cl 

~ 
Q) :- ('. 54,00 53.78 54,32 55.06 54.71 55,14 54,97 54.51 54.81 ..:t" 

.-I 

~ ' 
.-I 52.20 52.04 52.64 53.99 53.71 54.20 54,64 54.24 54.61 ,-... 

VI 

~ 
0 c:, ('. 
0 ..._,. ("'\ 

52.26 51.94 52.39 54,02 53.59 54.64 54.08 54.30 ("'\ .-I 53,92 
+' 
-fn 
'" i 

('. 

52,82 54,74 54.14 54,31 54.61 54.66 ..:t" 53.01 52.53 55,32 
.-I 

~ 50.98 50.57 50.93 53,45 52.92 53.16 54,77 54,12 54.24 .-I ,,...... 
Ul 
Iii 
f c:, ('. 

0 ......... ("'\ 

51.03 50.46 50.66 53,47 52,78 52,86 54.75 53,95 53.91 ~ .-I 
+' 
.cl 
bD 

'" ~ 
('. 
..:t" 51.76 51.04 51.07 54,16 53.32 53,24 55.42 54.46 54.26 .... 
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TABLE LIII 
- I\ 

RESIDUAL DEVIATIONS , Ys -Is , FOR EGG WEIGHT 
WITH THE QUADRATIC MODEL 

Protein (Grams) 
13 16 19 

Milliliters M lliliters Milliliters 
180 2)0 280 180 230 280 180 230 280 

-1.52 1.29 -1.64 -.17 .52 .18 -.22 1.29 1.18 

--35 -1.18 .52 1.07 -.01 -.)9 -.JO .93 -1.J9 

-.54 .28 .87 1.14 .26 -.9) .86 -1.20 -.05 

-.66 -.68 1.69 -.SJ -.68 .29 -.57 -.JO .13 

.56 .27 .18 2.25 -.5) .07 .45 .41 -1.67 

.05 .97 .48 -.80 -.20 1.89 -1.29 -.97 -.15 

1.63 -.51 .93 1.12 .81 2.26 -.41 -.66 .23 

-.1) ,JO -.46 -,70 -,37 -,54 -.52 .08 1.60 

-,JJ -1.34 ,58 .8) -.J8 -1.12 -.2J 1.67 1.24 
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(Antle, 1962)0 An inspection 0£ tbe qua~ratie equations in this. section 

reveals that none 0£ them is positive definiteo This was not unexpected 

after the tests for goodne.ss of £it showed tba:t the quadratic model d.id. 

not .fit the data to ~ny great extent. 



CHAPTER III 

PREDICTION OF NUTRIENT INTAKE BASED UPON 

DIETARY AND PRODUCTION FACTORS 

In Chapter II, only dietary factors were considered when response 

functions were developed. However, it is known that there are many 

factors other than dietary f~etors which ean and do affect feed intake 

and production responses in laying hens. It was well established by 

Gleaves that there is a close relationship between egg production and 

feed intake. This was determined by selecting hens from each treatment 

which had high egg production and hens which had low egg production. 

Then egg production was used as another factor in the analysis of 

variance., It is very likely that other produ:qtion factors are of great 

importance also in the study of feed intake. Tbe purpose of this 

chapter is to study the relationship of egg production and body weight 
, 

change to the intake of protein and energy from least squares estimates 
',,,. 

of prediction equations. 

"Covariance Model" 

The term covariance is used here only because the model wh,ich is 

used looks like a covariance model. The model is as follows: 

99 
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where Eis the observed number or eggs and Wis observed body weight 

cbangeo The model contains egg production and body weight change along 

with dietary protein, dietary energy, dietary weight and dietary volu.e 

in tbe qu.adratic form. If the production factors were independent of 

the dietary ractorsp this would be a true covariance model with the 

production factors as the eovariables. However, for obvious reasons 

they are not independent, and a covariance analysis in the strict sense 

cannot be ma.de. 

In order to design inteiligently a future experiment to study the . ~. ;. . 

relationship between production factors and nutrient intake, it would be 

advantageous to obtain as much information as possible from data 

presently available. Therefore,·tbis so-called "covariance model" is 

used by considering the production factors as predicting variables 

instead of eovariables. The quadratic model is used with the 

anticipation of obtaining some clue as to why it did not fit the response 

distributions as presented in Chapter IIo The predicting variables, egg 

production and body weight change, will be considered separately and in 

combination. 

!u Production Effect: When Y is protein iritake per bird per day 

and egg production. is used as the predicting variable, tbE{ least squares 

estimates of the parameters in the model results in the following 

equation: 

'fi 1 
• 9.66 + o026E + 2.54Jei - 1o57Jre '"' o0','8Jrs - o2J1~ 

= • 288x1 ~ - • 086x1 Xs + o 057x1 Xt. + • 08'.3~ Xs 

+ • 00267g lC".4 - • 1171 x.. + .161x1 2 - • 1)9~ 2 

+ • 135:re 3 + 0059:lC".4 2 
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Tbe analysis of variance of protein intake with this mod.el is 

presented in Table LIVo As expected, the sum of squares for egg produc-

tion is highly significant (P < o01)o An important thing here is the 

effect that the variable, egg production, bad upon the parameters in 

tbe quadratic portion of tbe modelo The parameters of this model, the 

straight quadratic model, for protein intake are compared in Table LVo 

It can readily be seen that some of the parameters are quite different 

a.s a result of egg produetiono One major difference can be seen as a 

result of the t tests in Table LVo Tbe coefficient for protein x 

energy interaction bas a reversal in sign and is significant (P < 001) 

in the "covariance model", whereas it is not significant in the straight 

quadratic. 

Source 

Total 

R(tJ,) 

R(b ,a/µ ,B1 )1 

R(B1 /µ 51b,a) 

Residual 

1 R(b,a/µ ,"31) 
forµ and l:11. 

TABLE LIV 

ANALYSIS OF VARIANCE OF PROTEIN INTAKE 
WITH EGG PRODUCTION AS A PREDICTING 

VARIABLE IN THE QUADRATIC MODEL 

DF SS MS 

567 10.5,880084 

1 99;295o5J 

14 5,209096 

1 4,56010 4.56010 

5.51 919025 1.6? 

F 

27Jo11 

- Reduction in sum of squares due to band a, adjusteq 

With egg production as tbe predicting variable with the quadratic 



Parameter 

µ. 

f31 

bi 

ha 

~ 

b4 

a12 

a1s 

a14 

~3 

aa4 

as4 

a11 

Baa 

cl:33 

a..,4 

TABLE LV 

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC 
MODEL AND IN THE QUADRATIC MODEL WITH 

EGG PRODUCTION AS A PREDICTING 
VARIABLE FOR PROTEIN INTAKE 

Estimate 
tl 

Estimate 
Quadratic Model "Covariance Model" 

1JoJ5 .59oJJ 9.66 

0026 

J.08 JJ.62 2o.54 

-2.0J 22.16 -1..57 ' 

= .023 .25 - .078 

- .277 3.02 - .231 

.199 1.77 - .284 

= .031 .27 - .086 

.067 .61 .057 

.198 1.76 .083 

.041 • .36 .0026 

- .079 .70 - .117 

= .086 • .56 .161 

= .211 1.33 = .139 

.160 1.01 .135 

- .042 .26 .059 

l t.,05 with 66 degrees of freedom = 2.00 

2 t.05 with 551 degrees of freedom= 1.96 

102 

ta 

J4o9J 

16 • .35 

3.3.91 

21.86 

1.17 

3.47 

3.37 

1.05 

.70 

1.01 

.OJ 

1.44 

1.38 

1.20 

1.17 

.51 
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model on energy intake, the following equation is obtained: 

1 ' 175.96 

E .545 

X1 2.76 

lra 2.:33 

1 -1'.2:3 

Xt. -4.48 

X1Xg J.86 

I\ X1J!e -L14 
Ye = 

X1Jti 2.00 

Xalls .903 

lfgJC.4 - .:HJ 

Xe X°4 -2.53 

X1a 1.49 

lie a -7.80 

Xia a <2.25 

a .864 ~ 

The analysis or variance for energy intak, from this model is in 
!•·:'··. 

•I·.-····· 

Table LVI. This shows egg production to be a bigbly significant 

(P < .01) factor in the contr~l of energy intake. In fact, the reduction 

in sum ot squares due to egg production is greater than all the effects 

in the quadratic model. 

The parameters for tbis model and tbe straigbt.,q~ciratic model are 

compared in Table LVII. It is obvious from the data in this table that 

egg production must be closely related to reed and energy intake. With 

egg production variation accounted for in the model, both protein linear, 
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x1 , and energy linear, Xe, effects were reduced to nonsignificanceo 

Gleaves found that when two levels of egg produotien were used as 

another factor, tbe quadratic effect of dietary energy on energy intake 

was reducedo In this analysis, when,. egg production was included in the 

model, the quadratic ef'fect of dietary energy remained approximately 

tbe sameo 

Source 

Total 

R(p.) 

R(b ,a/µ. ,e1 ) 

R(~1 /µ. ,b,a) 

Residual 

TABLE LVI 

ANALYSIS OF VARIANCE OF ENERGY INTAKE WITH 
EGG PRODUCTION AS A PREDICTING.'.VARIA.BLE 

IN THE QUADRATIC MODEL 

DF SS 

.567 34,688,311 

1 33,978,3)8 

14 164,00.5 

1 194, 7.54 194,754 

.5.51 3.51,214 637 

~ Weight Change Effect: With body weight change as the 

predicting variable in :tijf.quadra,tic model, the estimates for the 

F 

J0.5o74 

• parameters when protein intake is the response are in the equation 

I\ 
Y1 = 1J o 15 + • OOJ4W + 2o 67x1 - 1. 79~ - • 0691 - • 183:x;. 

- • OJ9x1 ~ - • OQ9x11 + o 13.5Xi. x. + • 07b8 Xs .. • 018~ x. 

- • 02)Jrs x. - • U..5x1 a - • 02.3Jrs 2 + • 087Jrs 2 .. • 03~ a o 

The analysis of variance in Table LVIII shows that body weight change 

is a veI7 important factor associated with protein intake. The 



Parameter 

µ. 

131 

bi 

b.a 

bs 

~ 

a1a 

au 

a14, 

~3 

~4 

&s4 

au 

Sea 

aas 

a.,4 

TABLE LVII 

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC 
MODEL AND IN THE QUADRATIC MODEL WITH 

EGG PRODUCTION AS A PREDICTING 
VARIABLE FOR ENERGY INTAKE 

Estimate Estimate 
Quadratic Model tl "Covariance Model" 

252.;4 57.58 175.97 

~~--C:::,G:t .;4.5 

13.99 7.8.5 2.76 

=7o02 3.94 2.33 

= .101 .o; =1.23 

=5.45 3.05 -4.48 

12.88 5.88 J.86 

- .019 - .oo =1.15 

2.19 .96 2.00 

3.28 1.49 .903 

.480 .21 = .;13 

-1.74 .79 -2.53 

-3°59 1.16 1.50 

-9.28 ;.oo -7.80 

2.78 .89 2.25 

-L21 .39 .865 

1 taos with 66 degrees of freedom = 2.po 

2 t.05 with 551 degrees of freedom~ 1.96 

105 

ta 

32.56 

14.69 

1.91 

L66 

.95 

J.44 

2.31 

.72 

1.26 

.;8 

.20 

1.59 

.66 

J.47 

1.00 

.JB 
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parameters in the model are tested for significance in Table LIXo This 

test shows that there are no important differences in the parameters of 

the quadratic portion of the "covariance model" as compared to the 

straight quadratico 

Source 

Total 

R(µ.) 

R(b ,a/µ ,82 ) 

TABLE LVIII 

ANALYSIS OF VARIANCE OF PROTEIN INTAKE WITH 
BODY WEIGHT CHANGE AS A PREDICTING 

VARIABLE IN THE QUADRATIC MODEL 

DF SS MS 

567 1059880.84 

1 99,295 .53 

14 5,209096 

F 

R(82 /µ ,b,a) 1 J6J.J2 J6J.J2 197.45 

Residual 551 19012.0J 1.84 

The parameters for the same model with energy intake as the response 

are listed in Table LX. The analysis of variance for this response is 

in Table LXI. It can be seen from the t test and analysis of variance 

that body weight change is associated with energy intake to a highly 

· significant (P < .01) degree. In Table LX it can be seen that 9 when 

the body weight· change is included in the model 9 there are two obvious 

changes in the parameters of the quadratic model. The magnitude of the 

coefficient (b,a) of dietary energy on energy intake was decreased from 

I -7 .02 I to I -2.551, and there appears to be a significant (p < .05) 

interaction between dietary protein and dietary volume (a14 ) on energy 

intake. 



Parameter 

fl 

13:;i 

~ 

ha 

bs 

b.., 

a12 

au 

au, 

~3 ~. 
~4 

a11 

Ba2 

9t3s 

a44 

TABLE LIX 

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC . 
MODEL AND IN THE QUADRATIC MODEL WITH 

BODY WEIGHT CHANGE AS A 
PREDICTING VARIABLE 

FOR PROTEIN INTAKE 

Estimate Estimate 
Qu.adI".a.tic Model tl "Covariance Model'' 

1}o}5 .59oJJ 1Jo15 

oOOJ4 

)o08 ))062 206? 

=2o0) 22016 =L79 

= 0023 025· = 0069 

= 0271 )o02 = 0183 

0199 L77 = 0039 

= oOJ1 027 = 0009 

0067 061 0135 

0198 L76 0071 

0041 0)6 = 0018 

= 0079 o?O = 0023 

= 0086 056 = 0115 

- 0211 LJJ = 002.3 

0160 L01 0087 

= .042 026 = 0032 

1 t.05 with 66 degrees of freedom "" 2o00 

2 too 5 with 551 degrees of freedom= 1o96 

107 

ta 

76o?2 

14016 

3.50:31 

25000 

099 

2o61 

045 

010 

L.58 

o8J 

021 

o2{ 

0 95 

019 

o?2 

026 



Parameter 

µ. 

132 

bi 

b.a 

ha 

h. 

au 

au 

a1• 

Bsa 

as ... 

aa ... 
au 

&.a2 

ass 

a..,4 

TABLE LX 

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC 
MODEL AND IN THE QUADRATIC MODEL 

WITH BODY WEIGHT CH.ANGE AS 
A PREDICTING VARIABLE 

FOR ENERGY INT.AKE 

Estimate 
tl 

Estimate 
Qttadratic Model "Covariance Model" 

252.34 57.59 248.27 

<=oc::;:aCDc::ioo:;Di;;:o .066 

1.3.99 7.85 5.88 

=?'o02 3.94 =2o55 

- .101 .05 =1.00 

-5.45 3.05 =3o58 

12.88 5.88 8021 

= .019 .oo .424 

2.19 .96 3°5.3 

J.28 L49 .773 

.480 .21 - .676 

-1.74 .79 = .822 

-3.59 L16 -4.18 

-9.28 3.00 -5°57 

2.78 .89 1.33 

-1.21 .39 -1.02 

1 t.05 with 66 degrees of freedom = 2.00 

2 t.o5 witn 551 degrees of freed.om = 1.96 

108 

t2 

72.57 

13.92 

J.89 

1.78 

.71 

2 • .56 

4.71 

.24 

2 .• 06 

.4.5 

.39 

.48 

L73 

2.29 

• .55 

.42 



Source 

Total 

R(µ.) 

R(b,a/µ. ,a3 ) 

R(~2 /11,b,a) 

Residual 

TABLE LXI 

. ANALYSIS OF VARIANCE OF ENERGY INTAKE WITH 
BODY WEIGHT CHANGE AS A PREDICTING 

VARIABLE IN THE QUADRATIC MODEL 

DF SS MS 

567 .34,688,311 

1 .3.3, 978 ,.3.38 

14 164,005 

1 140,651 140,651 

551 405,.317 735 

109 

F 

191o.36 

Tbe estimates of the parameters for tbe·•covariance model", with egg 

production and body weight change as prediction variables in the quadra= 

tic model for protein intake and energy intake, are in Tables LXII and 

LXIII, respectively. For protein intake, the results are very similar -

to the results obtained when egg production was the single prediction 

variable. This indicates that the egg production effect is probably 

much stronger than the body weight change effect on protein intake. 

However, with energy intake as the response (Table LXIII), there is one 

difference with the two prediction variables, as compared to the model 

with egg production as tbe only prediction variable. That is, dietary 

energy bas a significant (P < .01) coefficient in the model with the 

two prediction variables. An explanation for this difference is not 

obvious .. 

The "covariance models" wbieb have been used in this chapter help 

a great deal in locating the sources of variation in nutrient intakeo 



Parameter 

µ. 

1'1 

1,2 

bi 

ba 

bg 

~ 

au 

a1a 

ai,. 

ass 
ag4 

as .. 

a11 

aaa 

~3 

~4 

1 t.05 

at.os 

TABLE LXII 

CALCULATED t FOR THE PARAMETERS IN THE QUADRATIC 
MODEL AND IN THE QUADRATIC MODEL WITH EGG 

PRODUCTION AND BODY WEIGHT CHANGE 
AS PREDICTING VARIABLES 

FOR PROTEIN INTAKE 

Estimate 
tl 

Estimate 
Quadra tie Model "Covariance Model" 

13.35 59.33 10.J8 

.0202 

.0022 

J.08 JJ.62 2.40 

-2.03 22.16 -1.,53 

- .023 .25 - .095 

- .277 3.02 - .179 

.199 1.77 - .293 

- .031 .27 - .059 

.067 0 61 .104 

.198 1.76 .026 

.041 .J6 - .027 

- .079 .70 - .077 

- .086 .56 .084 

- .211 1.JJ - .031 

.160 1.01 .092 

- .042 .26 .042 

with 66 degrees of freedom = 2.00 

with 550 degrees of freedom= 1.96 

110 

t2 

.'.38.87 

12.62 

9.56 

J4.18 

23.93 

1.54 

2.91 

J.69 

.78 

1.38 

.34 

.36 

1.02 

0 77 

.28 

.86 

.39 



Parameter 

IJ, 

a1 

a2 
bi 

. b.a 

ba 

13., 

8.t.s 

au 

a14 

aaa 

Sa• 

as, 

au 

aa2 

8sa ~. 
l t.05 

TABLE LXIII 

CALCtTLATED t FOR THE PARAMETERS IN THE QUADRATIC 
MODEL .AND IN THE QUADRATIC MODEL WITH EOG 

PRODUCTION AND BODY WEIGHT CHANGE . 
AS PREDICTING VARIABLES FOR 

ENERGJ INT.A.KE 

Estimate Estimate 
Quadratic Model t1 "Covariance Model" 

252/34 57058 189062 

------ .429 

------ .0418 

13.99 7.85 .0032 

-7.02 3.94 J.18 

- .101 .05 -1056 

-5.45 J.-05 -Jo50 

120,68 5 .. 88 2.81 

- .019 .oo - .628 

2.19 .96 2.89 

J.28 1.49 - .181 

.. 480 .. 21 - 0878 

-1.74 .79 -1.78 

-J.59 1.16 .044 

-9.28 3.00 -5.76 

2.78 .89 i.44 

-1.21 0 39 .547 

with 66 degrees of freed0m = 2o00 

2 t.05 'with 5.50 degrees of freedom = 1.96 

111 

ta 

J6o49 

1J.62 

9.32 

.oo 

2. '4-J 

L29 

2.69 

1.80 

.42 

L9.5 

.,_12 

• .59 

1.20 

.02 

2o74 

.68 

026 
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By the use of these models it has been possible to show that, when 

production variation is removed, some dietary effects are reduced ,and 

otmers are increased. 

With the response functions to this point in this chapter, it may 

be possible to predict feed and nutrient intake of laying hens in 

various levels of egg production and in various stages of body weight 

change. If the quadra~ic model should not seem desirable, then other 
; 

covariance models could be used. It would be possible to estimate 

maintenance requirements for laying hens with response functions of 

this type by assuming egg produ~tion and body weigmt change to be zero 

and then estimating nutrient consumption. 

The prediction variables in the models used in this study were 

observed variables. For this reason the equations cannot be used to 

consider functional distributions. If egg production could be a 

mathematical variable instead of an observed variable, then functional 

distributions could be considered. The method employed by Gleaves to 

hold egg production constant, in effect, converts an observed variable 

into a ;,pia\rriinatical variable. Therefore, a response equation developed 

from the high egg production hens or the low egg production hens used 

by Gleaves would be valid from a functional distribution standpoint. 

At the same time, the variation due to variation in egg production would 

be minimized. If a multiple response analysis is desired after the 

effect of egg production is removed, it would be necessary to have 

response surfaces valid from a functional distribution standpoint. 

Quadratic Model With Constant Egg Production 

In order to observe the response functions with constant egg 
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production, and to check for conditions necessary for multiple response 

analysis, the quadratic response surfaces for nutrient intakes are now 

estimated from the low egg production and high egg production data used 

by Gleaves. The data for this are listed in Appendix Tables II and III. 

The only test made on these functions will be to check for conditions 

necessary for a multiple response analysis. Comments will be made on 
·,. 

any obvious differepces in the parameters compared to those in the 
,.,~ 

''covariance model". 

The prediction response for protein intake of the hens in low egg 

production (approximately 15 eggs per 28=day period) is 

1 12.44 

X1 3.17 

Xe -2.36 

43 - .172 

x.i - ,,108 

X1 Jfa .161 

X1J<"s - .299 
I\ 

.294 Y11 = X1 x.i 

XeXs .1.56 

Xe~ - .121 

Xe~ .184 

X1 a - .121 

Xe a - .019 

Xe a .113 

X".4 a .271 
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The quadratic prediction response for energy intake by the same bens is 

1 ' 234015 

X1 17o8J 

Xe -14079 

Xe - 2o5.5 

~ - 2o92 

XJ.Jlg 1Jo04 

XiJl"s - )o97 ,. 
Ya 1 == Xi~ 5o5) 

11 .972 

XaX".4 .218 

~X".4 2o00 

Xia - 4.24 

Xe 
a 

- 5o41 
a 2o2) Jrs 
a 

5.18 X4 

In this equation the coef'ficients for x1 , Jrs and ~ Jrs are quite large ,. 

as compared to the corresponding coefficients in the covariance models. 

This is probably an indication that, at lower egg production levels 9 

f'ee_~ intake is more dependent upon dietary factors than at higher egg 

production levels. 

The estimate for the quadratic response or protein intake for the 

high egg producing hens (25 eggs in a 28-day period) is 



1 9 14o2J 

X1 2.40 

Xe -1.?J 

Xe 0086 

~ - .37.5 

X1Jfa - .291 

X1J!e - .233 
A 
Y1h = X1~ .190 

XaXe - .141 

:>re~ .098 

Xe:X:.. - .1j2 

X1a .053 

Xe a - .079 

2 
.104 . Xe -

a 
.140 :x:.. 

The only obvious difference between this function and the comparable 

one for low egg production is that the protein intake is higher for 

the high egg producing hens. 

The quadratic response function for energy intake for the high 

egg producing hens is 

I\ Yan= 268.92 - 4.09x1 + 2.77:xg + 2.04Xe - 7.61~ + .1J9x1:xg 

- ;. 26x1 Xe + 5.49x1 :X:.. - 1.5?:xg Xe + • 930:xg :X:.. - 2.37:ire :X:.. 

+ 2.59X1 2 - 6.87:irs/ - 2.0?:lfs 2 + 2.,59:l{./1 o 
,L: 
')}. 

11.5 
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The parameters in this function are smaller than those of the comparable 

function for low egg productiono This probably indicates that dietary 

factors are not as effective in controlling feed intake when the hens 

ar.e producing at a high rate as when they are producing at a low rate. 

However, the factor of dietary volume, x., appears to have a greater 

influence at the high egg production level than at the low egg 

production level. As expected, these observations are similar to those 

which were made by Gleaves using a different type of analysis. 

It was hoped that by holding egg production constant the quadratic 

response function would be positive definite for at least one of the 

responses. This is the necessary condition for estimating efficient 

points of two responses at the same time. However, an examination of 

the parameters shows that none of the fu.nctions·satisfies the necessary 

condition. 



CHAPTER IV 

PRODUCTION AS AFFECTED BY NUTRIENT INTAKE 

Most research workers in poultry nutrition would agree that actual 

nutrient intake and balance of nutrients are the most important nutri-

tional factors which determine egg production in laying benso However, 

to the knowledge of the author, no work has been done in which variations 

in actual nutrient intake were studied in relation to variations in egg 

production. 

To study the relationship of nutrient intake to production factors 

(body weight gain, egg production and egg weight), two difficult problems 

must be overcome. The first of these is the problem of obtaining graded 

levels of nutrient intake with ad libitum fed bird.so The data for this 
· .. 

thesis came from a feeding trial in which the experimental diets were 

formulated in such a way as to give various combinations of protein 

and energy intakes. The intake levels of protein and energy which were 

obtained are listed in Appendix Table I under Y1 and Y2 , respeotivelyo 

It can be seen in these data that there was a great deal of variation 

in the intake of protein and in the·intake of energy. 

The second problem is to use protein and energy intake data effeo= 

tively in a study of the relationship of these intake variables to 

production variables (body weight gain, egg production and average egg 

weight). The intake of protein and energy is affected by the dietary 

factors (protein, energy, weight and volume), as was established by 

117 
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Gleaveso The dietary factors also affect the production responseso 

Prediction equations in Chapter II were developed based-on these faetso 

However, there is a question as to whether the dietary factors have any 

direct effect upon the production factors, or whether the effect is 

indirecto In other words, is tfii'Variation in the production factors 

entirely due to the variation in nutrient intake? This is an important 

question from the standpoint of statistieso If the effects of dietary 

factors upon production are indirect and are actually a result of nutrient 

intake, then it would be valid from a statistical standpoint to study the 

relationship of nutrient intake to production, independently of the 

dietary factors. But, if there is some direct effect of the dietary 

factors upon production, or if the intake of the non-nutrient dietary 

factors have an effect upon production, then it would be invalid from a 

statistical standpoint to study nutrient intake in relation to production~ 

independen~ly of the dietary factorso 

It seems logical that tbe dietary factors and the intake of non= 

nutrient dietary factors may have some direct effect upon productiono It 

also seems logical, since the nutrients are the necessary ingredients for 

production, that the direct effect of the dietary factors and tbe intake 

of non-nutrient dietary factors would be small in relation to the effects 

due to nutrient intakeo There ire<several reasons to think that the 
,· .. 

dietary factors and the intake of non-nutrient dietary factors could 

affect production by means other than throijgh nutrient intakeo Varia­

tions in digestibility and variations in energy expended in digestion 

could possibly be affected by these factorso If digestibility is altered 9 

then utilization of the nutrients digested may be alteredo All of these 

things would tend to cause variation in produetiono 
., 



From the preceding discussion it is obvious that dietary factors 

are related to production by some means other than through nutrient 

intakeo Nevertheless, it is the opinion of the author that a study of 

the relationship of protein intake and energy intake to production, 

independently of all other factors, would be a definite contribution in 

the field of poultry nutritiono This information concerning the 

relationship of nutrient intake to production is vitally needed in the 

poultry industry todayo 

In the analysis to follow, the assumption is made that variation 

in production (body weight gain, egg production and egg weight) is due 

to variations in protein intake and energy intake, independently of the 

dietary factors. The data in Appendix Table I are fitted to the following 

model: 

where 

Y = production response 

Ya = body weight gain 
I. = number of eggs 
Ys = average egg weight 

x1 = grams of protein intake per bird per day 

Jra= (Calories of energy intake per bird per day)/10 
Energy is divided by 10 · to facilitate computations .• 

~1 1 and bi = unknown parameters • 

The parameters are estimated by the method of least squares and the 

following response functions are obtained: 

" Ya= -1134091 + 22o89X1 + 41Jl.7::IG:! - o197X1Jra + .2J5X1 2 - o20J:x; 2 

/\ 
Y4 = -205.67 + 22o49x1 + 10o15~ + .OJ3x11 ~ .673x1 2 = .156~2 

I\ 
Ys = 49.42 + 1.0?9x1 - o4'7~ + o0009x1:xe = .029x1 2 + .011~ 2 

0 
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" The parameters in the equation for body weight gain, Y3 , are tested 

for significance by an analysis of variance in Table LXIVo The data in 

this table show that energy linear is the only factor which has a 

significant (P < o0.5) sum of squ.ares. The coefficient of this factor 

is positive, indicating that increases in energy intake cause an increase 

in body weight gain. 

TABLE LIIV 

ANALYSIS OF VARIANCE OF BODY WEIGHT GA.IN AS AFFECTED 
BY PROTEIN AND ENERGY INTAKE 

Source 

Total 

Regression 

Protein linear, bi , adj. 

DF SS 

567 43,.537,988 

(6) 18,801,614 

Ms 

1 44,087 44,087 

F 

Energy linear, ha , adj. 1 190p4.59 190,4.59 4.31(P < .05) 

Protein x Energy, a12 , adj. 1 20,206 20,206 

Protein Quadratic, a11 , adj. 1 3j43J 3,433 

Energy Quadratic, ~ 2 , adj. 1 11 , 621 11, 621 

Residual .561 24,736,374 44,093 

It is surprising that protein intake does not remove a significant 

sum of squareso The work by Gleaves indicated that protein intake was 

probably as important as energy intake in affecting body weight gain. 

The parameter a12 , which is the coefficient to protein intake x energy 

intake, is not significant. This fact was not surprising. Apparently 

the relationship of dietary protein and dietary energy to body weight 
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gain, which was observed by Gleaves, resulted from the action of these 

two dietary factors upon feed intakeo Although the parameters in this 

equation other than for energy- linear do not remove sums of squares 

greater than the residualj they will play an important part in a 

simultaneous analysis of body weight gain and _egg_ produ.ctio~. 

The parameters in the function for egg production are tested by 

the analysis of variance which is presented in Table LXVo The results 

of this analysis indicate that protein linear, energy linear, protein 

quadratic 9 and energy quadratic are all significant at the one percent 

level of probability. In this analysis of va~iance 9 as was the caise for 

body weight gain, there is no interaction between protein intake and 

energy intake. However, the work by Gleaves showed that there was a 

highly significant interaction between dietary protein and dietary 

energy upon egg production·. In the light of these observations 9 it can 

be seen that many wrong conolusionsY'could be drawn from a study of the 

effect of dietaryfaetors upon production characteristics of laying 

hens, without considering nutrient intakeo 
. ·::c: 

The analysis of variance for egg weight is presented in Table LXVIo 

The results of this analysis indicate that sums of squares are removed 

in the same pattern for both egg weight and egg production. Protein 

linear and protein quadratic are significant at the one percent level 

of probability. Energy quadratic is significant at the 5 percent level 

of probability, and energy linear approaches the 5 percent probability 

level. Here again, there is no interaction between protein intake and 

energy intake. 



TABLE LIV 

ANALYSIS OF VARIANCE OF EGG PRODUCTION AS AFFECTED 
BY PROTEIN AND ENERGY INTAKE 

Source DF SS MS F 

Total 567 10,648,299 

Regression (6) 101}235,102 

Protein linear, bi 9 adj. 1 42,'551 429551 57o81(P < 

Energy linear, D.! 9 adjo 1 11,412 119412 15o50(P < 

Protein x Energy, a12, adjo 1 677 677 091 

Protein quadratic, a11 , adjo 1 289174 28,174 J8o27(P < 

Energy quadratic, cl:?.2 9 adjo 1 6,862 6,862 9.32(p < 

Residual 561 413,197 736 

TABLE LXVI 

ANALYSIS OF VARIANCE OF AVERAGE EGG WEIGHT AS AFFECTED 
BY PROTEIN AND ENERGY INTAKE 

Source DF SS , MS F 

Total 567 196)4,297 

Regression (6) 1,630,263 

Protein linear, bi ' adjo 1 98 98 1J.61(P < 

Energy linear, D.! ' adj. 1 25 25 J)4-7(P ,< 

Protein x Energy, a1a, ,agj •. 1 1 1 

Protein quadratic, a11 , adj. 1 53 53 7.J6(P < 

Energy quadratic, aa.' adj. 1 33 33 4o_58(P < 

Residual 561 4,034 7o2 
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In order to evaluate further the relationship of protein and energy 

intake to body weight gain, egg production and average egg weightj the 

simultaneous responses of egg production and egg weight and the 

simultaneous responses of body weight gain and egg production will be 

studied. A necessary condition under which these studies can be made 

is for at least one of the quadratic response functions to be positive 

definite. An examination of the equation for egg production reveals 

that it is positive definite. 

The procedure used for the egg production-egg weight study is 

outlined by Antle, 1962. The two functions for this analysis are 

and 

These equations can be put into matrix form as follows: 
/\ A I). I\ 
Y4 = ~ - X1 :A:t,X + .X: 0 B4 

where 

(x, \ .A ( ,673 -,016) 
~ 

( 22,49 j 
x :::::: ~) A,1 - -

\ 10,15/ - .,016 0156 

and 
i\ I\ I\ /\ 

Ys = as - X•AsX + X9 &; 

where 
i\ = 49.42 Bs 

(:) t c.029 . ,00045) /\ (~::9). x = = 13;; = 
=.00045 .011 
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Since~ is positive definite, the complete set of efficient points 

for ~ (X) and Ys (X) is given by 

,{xix= .5{at + (1 - Cl'.)~]~1[a~ + (1 - O!)~j , (o ·~as; 1)} o 

When the matrix values are substituted into this expression 9 and the 

necessary operations have been completed, the following set of parametric 

equations of the complete set of efficient points is obtained: 

1.87057a2 - .11017a - .00603 
X1 = , ... ·""'· -------------

- 0107Jfu2 = .00219:Y + .00031 

3.5866Ja,2 + .01535:v - .00659 
~ = ------------

.1073en,2 - .00219.';f + .00031 

where 

The predicted responses at the efficient points obtained from these 

parametric equations are given in Figure 15. It can be shown that 

maximum egg size is obtained with the same combination of protein intake 

and energy intake that gives maximum egg production. This result was 

not unexpected. 

When a = 1. 0, . maximum egg production and maximum egg weight are 

predicted. The levels of protein intake and energy intake corresponding 

to a= 1.0 are 16.64 grams of protein and )41 Calories of energy intake 

per hen per day. This particular combination of protein and energy 

intake was not obtained as a treatment average in the present experimemtc 

However, the values for protein and energy intake for the predicted 

maximums correspond very clc,sely to the nutrient intake standard $et up 

for laying hens by Gleaves et al. 9 196Jb. 
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A simultaneous analysis of body weight gain and egg production 9 in 

response to protein intake and energy intake, was attempted using the 

method outlined by Antle, 1962. However, sufficient conditions to 

obtkin a complete set of efficient points were not present. Although 

the condition that one of the two response functions be pt')sitive definite 

is a necessary condition, it is not a sufficient condition. The 

sufficient conditions are not exactly known, but there is a d1scu5sion 

on the subject in the paper by Antle, 1962. Since sufficient conditions 

are not present to use the method described by Antle for the simultaneous 

analysis, another method was employed. This method is not as exact as 

that of Antle 0s, but it offers an overall perspective of the response 

surface. 

In Figure 16a the two responses were plotted on the same graph with 

x1 and~ as the coordinates. The portion of this figure within the 

dotted lines is plotted.in Figure 16b, to give a more detailed picture 
. --

of the egg production surface. The quadratic response for body weight 

gain is indefinite, and the coefficients of the quadratic terms have 

opposite signs. Therefore, the surface formed by Ye is a hyperbolic 

paraboloid. When Y3 is set equal to a constant, a hyperbola can be 

plotted from the function. Since the desirable response for body weight 

gain in laying hens is zero, only the contour which corresponds to zero 

body weight gain is plotted. 

The surface formed by Y4 is an elliptic paraboloid. This is 

'evidenced by( the fact that the quadratic response is positive definite. 

When Y., is set equal to a cons~ant, the function will form an ellip$eo 

The ·elliptic contours for O 9 50 ". !OO 9 150, 157 and the predicted ma.xim.1:ltffl 

egg production are plotted in Figure 16b. The e~erimental period for 
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the number of eggs predicted is 196 days. 

The elliptic contour for zero egg production is quite small compared 

to the hyperbolic paraboloid which represents body weight gain. For 

this reason, only tbe small section of tbe line for zero body weight gain 

which intersects the ellipse for egg production is showno 

There will be some body weight gain when the hens are receiving the 

protein and energy intake necessary for ij)aximum egg production. The 

body weight gain which corresponds to the maximum predicted egg production 

(162 eggs in 196 days) is 415 gramso The daily protein intake and energy 

intake values which are ·calculated to give maximum egg production are 

1?o5 grams and 343 Cal0ries, respectivelyo These values correspond. 

closely to the nutrient intake standard developed by Gleaves ~ alo 9 

196Jb. 

One of the most important observations that oan be made from the 

data in Figu.re 16b is the v.ery narrow range of daily protein intake and 

energy intake which the laying hens can have and still maintain a high 

level of egg produetiono In order for a hen to maintain sq. percent 

production (15? eggs in .the graph), the daily protein intakem1tst be 

between 15 and 20 grams and the daily intake of energy must be between 

290 and 400 Calories. It is unlikely that a hen would consume an average 

as high as 400 Calories of intake per day in actual practice, because of 

the limitations that energy intake places upon energy consumptiono 

Therefore, the range for energy is actually smaller than the graph shows. 

In practice, too mueb protein i~take would probably never occur; but 

too little pr-otein intake probably occurs frequently. 



CHAPTER V 

SUMMARY 

Prediction equations were developed to estimate responses of laying 

hens to protein intake 9 energy intake, body weight cbange 9 egg production 

and average egg weight directly rrom the dietary factors or dietary 

protein, dietary energy, dietary weight· and dietary volumeo Tbe data for 
r 

making the estimates were obtained rrom an experiment with laying hens 
4 '' 

in which a J factorial arrangement of dietary.-protein, dietary energy 9 

dietary weight and dietary volume constituted the treatmentso 

For each response, two general prediction equations were estima.tedo 

The first model for each response contained all effects which appeared 

to have some influence upon tbe response, as determined from an analysis 

of variance. The second model coi'fltainedon.ly the effects wbicb were 

significant (P < .05) in the first model, as determined by the t testo 

The prediction ability of each equation was checked by the resid~al sum 

of squares and by a half-normal plot of the residual deviationso 

Protein intake appeared to be more dependent upon dietary factors 

tban energy intake. An equation which contained only the linear effects 

of dietary protein, dietary energy and dietary volume a_ppeared to be 

j"u.st as capable of predicting protein intake as one wbieb contained 

eleven interaction effects in addition to the linear e!fectso 

The prediction of tbe intake of energy, based solely upo~ dietary 

effects, required :~several interaction effects in addi tiom to the linear 

1.30 
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effects of dietary protein and dietary energyo The results of the tests 

for goodness or fit to the general model show that dietary effects alone 

are not enough to predict energy intake satisfactorilyo It was evident 

that non-dietary factors have a great influence upon energy intakeo 

The tests on the prediction eq~ti0ns for egg production and egg 
.. 

weight showed that these two responses eould be predicted from the 

dietary factors with the same accuracy as protein intakeo However, the 

prediction of body weight change appeared to be influenced by factors 

other than dietary factorso 

Tbe quadratic model was used as a response function for protein 

intake, energy intake 9 egg production, and egg weigbt as affected by 

dietary factors. The tests for goodness of fit for these functions 

showed tbat only egg weight could be predicted with confidence from the 

dietary factors by the quadratic modelo 

The quadratic model is the most convenient model to use if a 

multiple response analysis is desiredo If the quadratic response is 
-

positive definite for one of the responses 9 then a neeessar;r condition 

for the multiple response analysis is satisfiedo In the case or the 

response variables which were fitted to the quadratic model involving 

only dietary factors, none of the functions was positive definite. 

An attempt was made to determine why the quadratic model did not 

fit the data for protein intake and energy intakea This was done by 

including in the model the effect of egg production and body weight 

changeo It was found that egg production bas a definite influence upon 

protein intake and energy intakeo Body weight change did not affect 

the parameters of the model with protein intake as the response 9 but with 

energy intake as the re.sponsep body weight ehange did have an effecto 
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The relationship of protein intake and energy intake to body weight 

ebange 9 egg production and egg weight was studied. It was found that 

energy intake is tbe primary factor affecting body weight change. Protein 

and energy intake appeared to be equal in their effect in influencing 

rate of egg production. Egg weight was affected by protein intake to a 

somewhat greater degree than by energy intake. 

A simultaneous response analysis of egg production and egg weight 

showed that egg weight increases with each increa$e in egg production. 

The optimum daily protein intake and energy intake for maximum egg 

production and maximwn egg weight are 16.64 grams and J41 Calories 9 

respectivelyo 

It was found by a simultaneous analysis of body weight change and 

egg production that 9 at maximum egg production 9 the hen~ would gain 

approximately 415 grams of body weight during a 7=month laying periodo 

Protein intake and energy intake for maximtl!.llJ. egg production were 

· predicted to ~e 17.5 grams and J4J Calories per day 9 re~pectivelyo 
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TABLE I 

DATA FOR ENTIRE EXPERIMENT 

Treat, 
Xl Xz X3 X4 Y1 Y2 Y3 Y4 No, Y5 

1 -1 -1 -1 -1 11.64 234 + 80 149 47.,3 

1 -1 -1 -1 -1 12.04 242 + 80 169 s2.2 

l -1 -1 -1 -1 10.07 203 + 70 176 47.4 

1 -1 -1 -1 -1 13.63 274 + 240 155 53.,0 

1 -1 -1 -1 -1 ll .• 62 234 + 20 151 54.1 

1 -1 -1 -1 -1 13. 78 277 + 60 182 54e7 

l -1 -1 -1 -1 11.60 233 40 135 52 .. 8 

2 -1 -1 0 -1 14.23 286 + 380 173 55ol 

2 -1 -1 0 -1 12.25 247 - 280 122 54e5 

2 -1 -1 0 -1 lle39 229 + 90 142 52.4 

2 -1 -1 0 -1 12.09 243 - 200 153 53.4 

2 -1 -1 0 -1 11.59 233 + 120 150 5006 

2 -1 -1 0 -1 13.11 264 + 380 159 53.7 

2 -1 -1 0 -1 13,51 272 + 100 173 so.s 

3 -1 -1 l -1 13,57 273 + 290 162 55.8 

3 -1 -1 1 -1 12.19 245 + 60 161 50 .. 3 

3 -1 -1 1 -1 10.91 220 - 420 57 49.4 

3 -1 -1 1 -1 12,33 248 + 100 146 56.0 

3 -1 -1 l -1 12.38 249 + 200 137 54.0 

3 -1 -1 l -1 14.07 283 + 160 160 56.8 

3 -1 -1 l -1 13.09 264 20 172 51.9 
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TABLE I (CONTINUED) 

Treat, 
xi No, Xz X3 X4 yl Yz Y3 Y4 Y5 

4 -1 -1 -1 0 11.45 230 + 80 154 52.0 

4 -1 -1 -1 0 13.02 262 + 160 146 55o0 

4 -1 -1 -1 0 14.09 284 40 149 59o5 

4 -1 -1 -1 0 12.49 251 + 230 157 52.0 

4 -1 -1 -1 0 15.49 312 + 220 167 60.5 

4 -1 -1 -1 0 12.64 254 + 170 148 55.5 

4 -1 -1 -1 0 10.98 221 + 200 152 47.3 

5 -1 -1 0 0 9.94 200 + 20 100 so.a 

5 -1 -1 0 0 11.09 223 - 140 144 so.o 

5 -1 -1 0 0 13.89 280 + 80 153 53.2 

5 -1 -1 0 0 12.34 248 20 147 51·5 

5 -1 -1 0 0 1.04 142 - 400 53 52.9 

5 -1 -1 0 0 13.02 262 10 166 50 .. 6 

5 -1 -1 0 0 8.36 168 + 230 77 54.9 

6 -1 -1 l 0 ll.86' 239 + 100 H-i ,Ji:3 

6 -1 -1 i 0 l 1.3~ 229 - 710 fr, 5/i.5 

6 -i .::f i 0 12.73 Z56 + 220 162 5406 

& .;;.1_ -1 i 0 12.69 256 155 51.7 

fl -1 -1 l 0 13.15 265 + 140 159 54.4 

fJ -1 -1 1 (j 11.53 232 60 144 50.7' 

ff -1 -1 1 (J 12.9d i.bo + 100 150 54.2 
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TABLE I (CONTINUED) 

Treat, x1 Xz X3 Y1 No, x4 Yz Y3 Y4 Y5 

7 -1 -1 -1 l 12.59 253 + 240 143 55 .. 2 

7 -1 -1 -1 l 13.24 266 + 150 148 55 al 

7 -1 -1 -1 1 llo74 236 + 120 157 45.,5 

7 -1 -1 -1 1 l L,35 228 + 30 14! 55,.4 

7 -1 -1 -1 1 11.24 226 - 120 86 49.,7 

1 -1 -1 -1 1 12 .. 04 242 + 83 50., l 

7 -1 -1 -1 1 llo 72 236 + 40 145 53 .. 2 

8 -1 -1 0 l 12.35 249 + !60 169 52e2 

8 . -1 -1 0 l 12 .. 47 251 90 125 57<>6 

8 -l -1 0 l 12 .. sa 253 30 94 54 .. l 

8 -1 -1 0 l 11 .. 70 235 30 149 55o2 

8 -1 -1 0 1 11 .. 68 235 - 110 144 53.,0 

a -1 -1 0 l 11 .. 35 228 - 100 139 56o2 

8 -1 -1 0 l 12 .. 92 260 + 20 167 52114 

9 -1 -1 l 1 9.50 191 - 100 96 50.7 

9 -1 -1 l l lle64 234 80 159 50.6 

9 -1 -1 1 l 12.26 247 + 190 155 52e6 

9 -1 -1 l l 12.26 247 - 220 161 56 .. 2 

9 -1 -1 l l 12.26 247 + 50 138 57.,9 

9 -1 -1 1 1 11 .. 36 229 116 60e3 

9 -1 -.!. l l 12.29 247 60 148 sa.o 
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TABLE I (CONTINUED) 

reat. 
xl x2 No, X3 X4 yl Y2 Y3 Y4 Ys 

10 -1 0 -1 -1 10.66 245 40 144 49.8 

10 -1 0 -1 -1 7.,34 169 - 910 74 50e2 

10 -1 0 -1 -1 12.24 281 30 69 50.l 

10 -1 0 -1 -1 15el7 349 + 280 155 50e5 

10 -1 0 -1 -1 10.s4 249 + 40 127 52e7 

10 -1 0 -1 -1 5.99 138 - 640 19 s2.1 

10 -1 0 -1 -1 lle90 274 + 90 148 55.,4 

11 -1 0 0 -1 10.93 249 + 23 48e9 

11 -1 0 0 -1 6098 161 - 110 56 50e0 

11 -1 0 0 .... 1 11.62 267 + 20 130 58 .. 7 

11 -1 0 0 .. l 11.05 254 + 20 133 5Je2 

11 -1 0 0 "-1 lle52 265 + 100 145 54.9 

11 -1 0 0 ""l 141169 338 40 24 48.8 

11 -1 0 0 ·-1 12.41 285 + 130 141 55e4 

12 -1 0 l -1 11.25 259 + 80 133 51.7 

12 -1 0 l -1 9.65 222 + 60 84 54.4 

12 -1 0 1 -1 10.61 244 + 300 105 52e4 

12 -1 0 l -1 12el6 280 + 50 143 5406 

12 -1 0 l -1 l4e00 322 + 90 165 52o5 

12 -1 0 l -1 12.51 288 + 320 147 5406 

12 -1 0 l -1 9e03 208 - 320 36 5le2 
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TABLE I (CONTINUED) 

Treat, xl X2 x3 X4 yl ¥2 Y3 Y4 Ys No, 

13 -1 0 -1 0 lle61 267 - 120 152 54.3 

13 -1 0 -1 0 10.38 239 + 80 133 5le6 

13 -1 0 -1 0 10.40 239 + 60 164 48o3 

13 -1 0 -1 0 10.21 235 - 270 98 52e4 

13 -1 0 -1 0 7.93 182 - 510 43 47·6 

13 -1 0 -1 0 11.33 261 + 80 154 52.5 

13 -1 0 -1 0 10.37 239 90 145 52.8 

14 -1 0 0 0 9.09 209 - 730 70 52.9 

14 -1 0 0 0 9.05 208 - 100 136 5201 

14 -1 0 0 0 11.65 268 + 140 141 53.1 

14 -1 0 0 0 8.17 188 + 30 41 48.8 

14 -1 0 0 0 9.90 228 - 180 127 55 .. 2 

14 -1 0 0 0 11.78 271 40 143 52.7 

14 -1 0 0 0 10.63 244 - 100 144 50 .. 7 

15 -1 0 1 0 8.99 207: - 140· 65 5>5 .7 

15 -1 0 1 0 12.21 281 + 18,0 154 55.1 

15 -1 0 1 0 12.09 278 71 51.1 

15 -1 0 l 0 9.66 222 + 60 120 52e4 

15 -1 0 l 0 12.43 286 + 160 15.4, 54.2 

15 -1 0 l 0 11. 51 265 + 160 ll26 51 .. 9 

15 -1 0 l 0 10.42 240 145 54. l 
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TABLE I (CONTINUED) 

Treat, 
xl X2 X3 X4 yl Y2 No, y3 Y4 Y5 

16 -1 0 -1 1 9.45 217 + 50 99 56e6 

16 -1 0 -1 1 10.15 233 + 50 111 52·5 

16 -1 0 -1 1 · a.63 198 - 460 100 5le6 

16 -1 0 -1 l 10.40 239 +1000 115 55.9 

16 -1 0 -1 l 10.,39 239 + 60 100 sa.o 

16 -1 0 -1 l 11.56 266 152 52·3 

16 -1 0 -1 1 11.36 261 + 40 109 53.4 

17 -1 0 0 l 10.oa 232 - 140 128 5lo3 

17 .,..1 0 0 l 10 .. 91 251 - 100 140 52e4 

17 -1 0 0 l 10.01 232 30 124 53.5 

17 -1 0 0 l 10.18 234 - 180 120 50·5 

17 -1 0 0 1 11..11 256 - 130 141 54.,4 

17 -1 0 0 1 8 .. 44 194 - 400 45 53 .. 1 

l7 -1 0 0 l 9.57 220 10 89 52·8 

18 -1 0 1 1 9.47 218 10 116 53.! 

18 -1 0 l 1 10.25 236 + 40 145 49.6 

18 -1 0 1 1 10.11 233 - 120 134 s1t.8 

18 -1 0 l 1 1.25 167 - 560 11 ss.a 

18 -1 0 l l 8.61 198 - 160 67 53.7 

18 -1 0 l l 9.15 211 + 170 115 52.0 

18 -1 0 l 1 10.06 231 - 180 123 54.,1 
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TABLE I (CONTINUEU) 

Treat, 
xl Xz X3 X4 y 1 Y2 Y3 No, Y4 Y5 

19 -1 l -l -l 7.,34 193 - 200 10 49.,7 

19 -1 l -l -1 10.,57 277 - 140 137 53.,, 7 

19 -1 l -1 -1 10.12 266 70 125 54116 

19 -1 l -1 -1 9.,15 240 ao 153 4So0 

19 -1 l -1 -1 4.,53 119 - 640 12 52e2 

19 -1 1 -1 -1 a.so 225 + 140 76 55.,5 

19 -1 l -1 -1 1 .. 2a 191 - 210 82 54.6 

20 -1 1 0 -1 71148 196 - 890 39 54e2 

20 -1 l 0 -1 1 .. 12 203 - 470 31 51 .. 5 

20 -1 l 0 -1 12.oa 317 + 350 150 52 e 5 

20 -1 1 0 -1 1 .. 95 209 - 440 52 52 .. 3 

20 -1 1 0 -1 1.2:n. 189 - 280 72 45o4 

20 -1 l 0 -l a.02 210 - 360 45 52e6 

20 -1 l 0 -1 6 .. 01 158 - 400 25 47.8 

21 -1 l l -1 71129 192 30 79 so.2 

21 -1 l l -1 5.n 150 70 32 53.,3 

21 -1 1 1 -1 7,,77 204 - 340 40 5!.6 

21 -1 l l -1 10.04 264 127 53e4 

21 -1 1 l -1 8.73 229 - 500 63 53.,3 

21 -1 l l -1 1.21 189 - 150 26 48o4 

21 -1 l l -l\ s.so 152 - 160 33 49e8 
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TABLE I (CONTINUED) 

Treat, xl Xz X3 X4 
No, 

yl Yz Y3 Y4 Y5 

22 -1 1 -1 0 8010 213 - 230 43 54o9 

22 -1 1 -1 0 6031 166 - 960 50 so.a 

22 -1 l -1 0 6089 181 - 160 31 so .. s 

22 -1 l -1 0 6035 167 - 390 28 47o9 

22 -1 l -1 0 6.95 183 - 820 76 5008 

22 -1 1 -1 0 10053 276 - 120 139 5006 

22 -1 l -1 0 7.42 195 - 450 57 45o7 

23 -1 1 0 0 8018 215 - 570 50 48e9 

23 -1 l 0 0 7066 201 - 370 75 49.7 

23 -1 l 0 0 10.35 272 + 20 125 5408 

23 -1 l 0 0 8 .. 57 225 - 173 49e9 

23 -1 l 0 0 9ol6 241 80 120 so.a 

23 -1 l 0 0 8089 233 + 100 121 55o0 

23 -1 1 0 0 7ol9 189 - 140 78 46.2 

24 -1 l l 0 7o34 193 - 300 57 so.a 

24 -1 l l 0 6004 159 - 460 81 48e4 

24 -1 l 1 0 7o72 203 + 100 83 49o9 

24- -1 l l 0 6035 167 - 320 47 46o7 

24 -1 l l 0 6027 165 - 410 40 soo7 

24 -1 l l 0 lle24 295 + 440 119 52o2 

24 -1 l 1 0 9oOS 239 40 133 so.a 
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TABLE I (CONTINUED) 

Treat, 
Xl X2 X3 X4 Y1 Y2 Y3 Y4 Y5 No, 

25 -1 1 -1 1 10~63 279 - 290 56 4706 

25 -1 1 -1 1 8000 210 - 146 45o0 

25 -1 1 -1 l 5o58 147 - 340 20 so.a 

25 -1 1 -1 1 5o22 137 80 19 51113 

25 -1 1 -1 1 9o69 255 - 240 93 56e5 

25 -1 1 -1 1 7el2 187 + 80 65 54e l 

25 -1 1 -1 1 7o95 209 + 180 63 57.7 

26 -1 1 0 1 6016 162 - 470 47 50o5 

26 -1 l 0 1 8062 226 - 110 106 54o0 

26 -1 1 0 l 7o74 203 + 50 81 49o3 

26 -1 1 0 1 6084 180 - 130 59 52o7 

26 -1 1 0 1 6077 178 - 200 1 4506 

26 -1 1 0 1 10.12 282 80 138 53 .. 7 

26 -1 1 0 1 5e95 156 - 400 15 4506 

27 -1 1 1 1 a.as 233 122 so.1 

27 -1 1 1 1. 7o51 197 - 160 96 49.9 

27 -1 1 1 l s.10 150 - 100 25 4So9 

27 -1 1 1 1 6. 71 176 - 400 54 so.a 

27 -1 l 1 1 5o59 147 - 480 30 57ol 

27 -1 l l 1 7.54 198 20 92 52o4 

27 -1 1 1 l 1.so 197 - 290 66 47.2 
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TABLE I (CONTINUED) 

· Treat. 
No. Xl X2 X3 X4 Y1 Y2 Y3 Y4 Y5 

28 0 -1 -1 -1 14.23 233 + 100 162 55.a 

28 0 -1 -1 -1 13.28 217 - 540 89 54·1 

28 0 ..;1 -1 -1 14.65 240 + 60 156 5:'hO 

28 0 -1 -1 -1 17.37 284 + 600 150 53·6 

28 0 -1 -1 -1 16.63 272 + 240 176 53·6 

28 0 -1 -1 -1 19.75 323 + 210 168 53.9 

28 0 -1 -1 -1 15.55 255 + 110 164 54o7 

29 0 -1 0 -1 15e92 261 + 200 144 55o2 

29 0 -1 0 -1 16054 271 + 660 153 53o7 

29 0 -1 0 -1 l4e41 236 + 100 134 56o7 

29 0 -1 0 -1 15.77 258 + 120 160 57.,7 

29 0 -1 0 -1 14003 230 20 169 5le7 

29 0 -1 0 -1 15.02 246 + 240 147 53.2 

29 0 -1 0 -1 15.93 261 + 180 157 59.5 

30 0 -1 l -1 11.14 281 + 240 166 54e5 

30 0 -1 1 -1 14.84 243 + 10 148 57.e 

30 0 -1 l -1 17.86 292 + 410 152 56o7 

30 0 -1 1 -1 15.13 248 + 150 150 55.0 

30 0 -1 l -1 17.62 289 + 160 169 58.7 

30 0 -1 1 -1 16.93 277 + 240 147 54el 

30 0 -1 l -1 16.41 269 + 480 154 56.6 
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TAllLE I (CONTINUED) 

Treat. 
x1 Xz X3 X4 Y1 Yz Y3 Y4 Y5 No, 

31 0 -1 -1 0 14.92 244 - 440 98 53.6 

31 0 -1 -1 0 16.72 274 + 260 152 54.4 

31 0 -1 -1 0 15.83 259 + 200 157 57.8 

31 0 -1 -1 0 15.92 261 - 340 167 57.6 

31 0 -1 -1 0 14.95 245 + 160 159 51.0 

31 0 -1 -1 0 11.00 280 + 200 175 57.4 

31 0 -1 -1 0 11.58 190 + 140 85 51·6 

32 0 -1 0 0 15.39 252 + 390 131 55.0 

32 0 -1 0 0 11.48 188 - 680 60 55.9 

32 0 -1 0 0 14.70 241 + 60 156 52.6 

32 0 -1 0 0 14.83 243 + 140 162 56.3 

32 0 -1 0 0 13.91 228 + 100 162 49.8 

32 0 -1 0 0 17.34 284 + 120 176 52.9 

32 0 -1 0 0 15.79 259 +. 80 164. sti.4 

33 0 -1 l 0 16.88 276 + 410 152 57.0 

33 0 -l l 0 15.36 252 10 164 5s.2 

33 0 -1 l 0 13 .• 20 216 + 80 149 54·1 

33 0 -1 1 0 16.26 266 + 500 164. 59.5 

33 0 -1 1 0 14.11 2:U + 440 101 51.0 

.33 0 -1 1 0 16.82 275 + 140 145 58.o 

33 0 -1 1 0 14.54 238 + 100 161 so.o 
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TABLE I (CONTINUED) 

Treat, 
Xl No, x2 X3 X4 Y1 Y2 Y3 Y4 Y5 

34 0 -1 -1 l 15.01 246 + 90 161 55 .. 4 

34 0 -1 -1 l 15.48 253 + 150 169 56 .. l 

34 0 -1 -1 l 15.83 259 + 100 178 53.4 

34 0 -1 -1 l 14 .. 55 238 + 80 37 53.a 

34 0 -1 -1 l l5e74 258 + 140 165 53.2 

34 0 -1 -1 l 15.06 247 80 153 58e4 

34 0 -1 -1 l l6e33 267 + 220 165 55e8 

35 0 -1 0 l 14.87 243 + 20 170 5le3 

35 0 -1 0 1 16 .. 45 269 90 171 54,.s 

35 0 -1 0 l 13089 227 - 240 144 57.1 

35 0 -1 0 1 15e94 261 + 140 146 51 e 7 

35 0 -1 0 l 10.35 169 -1039 60 60e3 

35 0 -1 0 l 16.11 264 + 440 165 5le0 

35 0 -1 0 l 16.97 278 + 80 170 54·1 

36 0 -1 l l l3e09 214 + 80 132 52e4 

36 0 -1 l l 11.02 181 + 90 75 52e3 

36 0 -1 l l 15.24 250 + 240 132 s1 .. a 

36 0 -1 l 1 l4e00 229 50 130 56. l 

36 0 -1 l l 15.99 262 20 90 49.5 

36 0 -1 l 1 18.14 297 + 300 173 56 .. 0 

36 0 -1 l 1 16.22 266 + 250 156 52e4 
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TABLE I (CONTINUED) 

Traat, xl Xz X3 X4 Y1 Yz y3 Y4 Y5 No, 

37 0 0 -1 -1 1.5. 79 298 + 150 161 50 .. 1 

37 0 0 -1 -1 l6e66 314 + 370 157 55ol 

37 0 0 -1 -1 l2e97 245 + 140 153 51 .. 9 

37 0 0 -1 -1 1a.11 342 + 660 175 53.,5 

37 0 0 -1 -1 12 .. 40 234 - 480 51 55 .. 2 

37 0 0 -1 -1 13.10 247 - 230 134 55.9 

31 0 0 -1 -1 l3e83 261 + 400 154 49.8 

38 0 0 0 -1 l5e30 289 + 480 121 56s8 

38 0 0 0 -1 16 .. 53 312 + 280 163 60 .. 0 

38 0 0 0 -1 14 .. 16 267 + 100 117 57.4 

38 0 0 0 -1 14 .. 20 268 + 450 122 55 .. 0 

38 0 0 0 -1 13 .. 26 250 + 20 125 55.,9 

38 0 0 0 -1 13,.57 256 + 510 116 55,.7 

38 0 0 0 -1 12.,87 243 + 150 161 53el 

39 0 0 l -1 13.58 256 + 80 157 50 .. 3 

39 0 0 1 -1 12.se 237 + 40 135 56o3 

39 0 0 1 -1 l2e36 n:; - 360 155 50e3 

39 0 0 ! -1 13048 254 + 40 146 56"'1 

39 0 0 l -1 l2e85 242 + 50 159 s1.o 

39 0 0 1 -1 1s.11 285 80 129 57.2 

39 0 0 l -1 8008 152 - 340 21 s2.o 
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TABLE I {CONTINUED) 

Treat. xl x2 X3 X4 yl Yz Y3 Y4 Y5 
No, 

40 0 0 -1 0 12.29 232 157 53.5 

40 0 0 -1 0 12036 233 40 138 54.0 

40 0 0 -1 0 12.21 230 20 110 54e9 

40 0 0 -1 0 13.97 263 + 60 154 53e6 

40 0 0 -1 0 11.85 224 + 100 155 52ol 

40 0 0 -1 ·o 13 .. 14 248 + 200 157 49.7 

40 0 0 -1 0 13.42 253 + 80 153 53.4 

41 0 0 0 0 lle86 224· 10 143 52.0 

41 0 0 0 0 13.85 261 + 40 166 51·2 

41 0 0 0 0 14.24 269 + 130 176 52e5 

41 0 0 0 0 13.96 263 + 60 166 53e 1 

41 0 0 0 0 14.93 282 + 160 163 55e9 

41 0 0 0 0 14.27 269 + 20 76 49.3 

41 0 0 0 0 13.50 254 + 300 142 57.4 

42 0 0 l 0 10.91 206 10 151 53.4 

42 0 0 1 0 14.04 265 + 160 166 53.5 

42 0 0 1 0 14.28 269 + 360 153 54. 8 

42 0 0 l 0 11.a8 224 + 20 134 52.2 

42 0 0 l 0 12.10 240 + 180 150 54.3 

42 0 0 1 0 13.12 248 + 560 116 55.7 

42 0 0 l 0 l5e64 295 + 170 136 53o7 
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TABLE I (CONTINUED) 

Treat, i 

No, Xl Xz X3 X4 yl Yz Y3 Y4 \\ 

43 0 0 -1 l 13.62 257 - 120 150 58.2 

43 0 0 -1 l 12.84 242 - 120 156 53.0 

43 0 0 -1 l 12.19 241 20 149 53..I 

43 0 0 -1 1 12.90 243 + 40 162 52e4 

43 0 0 -1 l 13e92 263 + 60 168 53.4 

43 0 0 -1 l 10 .. 57 199 + 240 79 60o5 

43 0 0 -1 l 13.01 247 80 168 50.8 

44 0 0 0 1 12 .. 57 237 + 80 156 55e3 

44 0 0 0 1 13.26 250 148 52e9 

44 0 0 0 l 14.00 264 + 160 145 53.3 

44 0 0 0 l 14.26 269 166 53.e4 

44 0 0 0 l 12091 244 - 250 140 · 55e7 

44 0 0 0 l 13e85 261 + 240 149 54e l 

44 0 0 0 1 12.01 226 - 100 147 53e2 

45 0 0 l 1 10.10 191 - 760 61 50.9 

45 0 0 1 1 9e92 187 - 330 73 55.1 

45 0 0 1 l 14e 73 278 + 190 h-e 56,'7 

45 0 0 t l 14.73 278 + 40 15~ J;ts".6 

45 ·o 0 i i 13e09 247 - ··50 146 5'9a 
'· .• 

45 er 0 l 1 14.02 265 + 180 147 slu9 

45 0 0 1 l 13.09 247 + 120 162 54.,1 
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TABLE I (CONTINUED) 

Treat, 
Xl Xz X3 X4 yl Yz Y3 Y4 y 

No. 5 

46 0 l -1 -1 10 .. 26 219 + 20 119 54e8 

46 0 1 -1 -1 6.23 133 - 230 11 so.o 

46 0 1 -1 -1 11.93 255 - 260 83 s8~1 

46 0 1 -1 -1 12.37 264 + 300 165 56e9 

46 0 l -1 -1 9e63 206 - 250 61 53e9 

46 0 l -1 -1 10.21 218 - 390 63 54.,5 

46 0 l -1 -1 10.43 223 - 680 98 53o2 

47 0 1 0 -1 10. 71 229 - 540 130 50el 

47 0 1 0 -1 11 .. s1 252 + 10 . 150 53.5 

47 0 l 0 -1 llo67 249 + 260 156 53 .. 2 

47 0 1 0 -1 l0e86 232 146 5206 

47 0 1 0 -1 8.18 175 + 120 77 51&3 

47 0 1 0 -1 10.59 226 - 540 109 56 .. 1 

47 0 1 0 -1 7e60 162 - 280 18 52 .. 6 

48 0 1 1 -1 10 .. 15 229 - 140 125 53.,5 

48 0 1 1 -1 11.22 240 + 100 1,,20 57e8 

48 0 l 1 -1 1s .. 12 323 + 460 158 sa .. 2 

48 0 1 l -1 10 .. 26 219 + 60 131 52e9 

48 0 l 1. -1 8e57 183 - 280 92 48e3 

48 0 1 l -1 13.42 287 + 30 137 59., l 

48 0 l l -1 lle77 251 - 210 :1.313 55"' l 



1.50 

TADLE I (CONTINUED) 

T:roat. x1 Xz X3 X4 yl Yz Y3 Y4 Ys No, 

49 0 l -1 0 13.95 298 147 56 .. 6 

49 0 1 -1 0 12.so 273 - 130 73 so.9 

49 0 l -1 0 13014 281 - 130 150 56el 

49 0 l -1 0 10.zs 219 + 490 78 53·6 

49 0 1 -1 0 10.12 216 - 670 61 51·5 

49 0 1 -1 0 8.01 171 - 740 73 52.1 

49 0 l -1 0 13.19 282 20 157 55o3 

50 0 l 0 0 11.84 253 70 141 54.9 

50 0 1 0 0 71129 156 140 47 so.1 

50 0 1 0 0 11.01 235 + 160 136 49o4 

50 0 l 0 0 11.84 253 + 80 111 55.9 

50 0 l 0 0 12096 271 - 140 159 54e5 

50 0 1 0 0 lle59 247 40 145 51.6 

50 0 1 0 0 11.05 236 60 152 50.5 

51 0 l 1 0 13e73 293 + 250 162 50 .. 1 

51 0 1 l 0 10.26 219 - 170 123 50o4 

51 0 l l 0 12.09 258 40 161 53o0 

51 0 l l 0 12.s2 267 20 151 53o3 

51 0 l l 0 12.97 277 50 148 56el 

51 0 1 l 0 13.48 288 + 120 174 53118 

51 0 1 l 0 12.10 271 + 220 134 53.3 



TABLE l (CONTINUeD) 

Treat. Xl X2 X3 X4 Y1 Y2 Y3 Y4 Y5 No, 

52 0 l -1 1 10.35 221 + 110 ll.50 47o3 

52 0 1. -1 l 10.86 232 70 . U7 5)e2 

52 0 l -1 1 lle60 · 248 - 40 151 52e2 

52 0 l -1 . 1 9e72 208 40 118 49e4 

52 0 1 -1 l 11 .• 15 238 + 100 145 55e8 

52 0 l -1 1 11,37 243 - 200 146 49.0 

52 0 l -1 l lle84 253 80 157 49e4 

53 0 1 0 1 9.40 201 - 150 56 Ue6 

53 0 l 0 1 11.01 236 - 40 118 55.9 

53 0 1 0 1 11.68 249 + 100 1S2 He3 

53 0 l 0 1 1.os 151 - 430 46 s1.2 

53 0 l 0 1 12.s1 267 + 170 163 4908 

53 0 1 0 1 1.81 168 - 450 83 49o2 

53 0 1 0 1 9e06 193 - 470 75 50.1 

54 0 1 l 1 10.91 233 + 30 140 48e9 

54 0 1 l l 11188 254 + 200 154 49,S 

54 0 l l 1 12.57 268 + 90 145 55e4 

54 0 1 1 1 l2e26 262 + 1$0 ue Slo2 

54 0 1 1 1 11.97 256 ·- 180 153 5~·· 
5.4 0 1 1 1 12. 79 273 + 210 142 s2.o 

54 0 1 1 1 13.19 2U + 100 136 52e9 
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TABLE I (CONTINUED) 

Treat. 
xl Xz X3 X4 Y1 '1(2 Y3 Y4 Y5 No •. 

55 l -1 -l -1 n .. u 241 + 3!l !69 52o4 

55 l -l -1 -l 19,,'.H 268 + 400 155 s~ .. 6 

55 l -1 -1 -]. 19 e llB 266 + 290 170 Sh3 

55 l -1 -l =l 19 .. 08 265 + 400 158 ~3 .. 4. 

55 ll. -1 -1 -]. 21052 298 + 430 151 51 .. 3 

55 l -1 -1 -1 l8e32 254 + 20 156 5289 

55 1 -1 -1 -]. 20 .. 35 282 + 570 155 5Se® 

56 l -1 0 -l 16 .. 94 235 - 250 42 !:H,e6 

56 l -l 0 -1 18e02 250 + :no 163 48e2 

56 l -l 0 -1 l8e38 255 -&- 240 ::U,'r; 52e2 

56 l -1 0 -1 16042 228 + 90 155 :5St!>4 

56 1 -1 0 -1 u.,24 253 90 l\.75 ~?119 

56 l -1 0 -1 16 .. 92 235 50 124 !!fl .. 9 

56 l. -1 0 -1 16.66 231 + 20 153 5606 

57 l -l l -1 l6e56 230 + 130 132 56o9 

57 1 -1 l -1 19. 75 274 + 220 160 5608 

57 l -1 l -1 19.,08 264 + uo l6S 55e3 

57 l •l l -1 191154 211 + 40 170 55.,5 

51' l -1 1 -1 15 .. 75 218 -60 l.40 56 .. 0 

57 l -1 t -i 1i4n54 202 - 240 13,4 5!Se0 

57 i -1 Ji -i i5o34 213 + :HO 171 ss,.3 



153 

TABLE I (CONTINUED) 

Treat. 
No. xl X2 X3 X4 Y1 Y2 . Y3 Y4 Y5 

58 1 -1 -1 0 l9e24 267 + 180 155 5206 

58 l -1 -1 0 18006 250 + 140 116 58o7 

58 l -1 -1 0 l8e49 · 256 + 30 159 5608 

58 1 -1 -1 0 17082 247 135 5900 

58 1 -1 -1 0 l9e36 268 + 300 163 55c.2 

58 1 -1 -l 0 16.,03 222 - 140 140 53o7 

58 l -1 -1 0 191108 265 + 260 175 5lo7 

59 1 - -1 0 0 191126 267 + 280 168 54.,0 

59 1 -1 0 0 18028 253 + 200 176 5lo9 

59 1 -1 0 0 18,00 249 + 20 154 53113 

59 1 -1 0 0 181170 259 + 80 173 53115 

59 l -1 0 0 20.51 284 + 320 154 57o4 

59 1 -l 0 0 11.u 247 + 300 160 56e8 

59 l -1 0 0 19,24 267 + 280 159 57o4 

60 1 ·l 1 0 Ue52 215 + 140 Ult 52o0 

60 1 -1 1 0 l8e33 254 ... 50 159 5(ul 

60 l -1 1 0 11.01 237 ... 20 75 49o4 

60 l -1 :1 0 11 o 76 246 + 40 177 52s0 

60 l -1 l 0 18055 257 .,,. 460 166 50e4 

60 ll -1 l 0 11.s2 243 + 60 160 53o3 

60 1 -1 l 0 l9e6l 272 + 220 151 6Clo0 



154 

TABLE I (CONTINUED) 

Treat. xl Xz X3 X4 Y1 Yz Y3 Y4 Ys No, 

61 l -1 -1 l 18·26 253 + 400 154 S3o9 

61 l -1 -1 l 161168 231 80 135 5fu6 

61 1 -1 -1 l 18,17 252 + 190 145 56,9 

61 1 -1 -1 l 19,02 264 + 60 16~ 56,5 

61 1 -1 -1 1 19,06 264 + 120 160 5a .. 3 

61 l -1 -1 1 18043 255 + 270 158 . S2e5 

61 l -1 -1 l 18e34 254 + 280 146 5606 

62 1 -1 0 l U,75 246 + 270 l.72 50ol 

62 l -1 0 l 15e62 217 40 149 53ol 

62 l -1 0 l 11. 74 246 ... 280 147 56e9 

62 l -1 0 1 19,24 267 + 240 169 54o4 

62 l -1 0 l 17,08 237 + 30 11!,9 53o9 

62 1 -1 0 l 16,33 226 + 180 140 54ol 
) 

62 1 -1 0 l 18e35 254 17~ 4808 

63 1 -1 l l 18053 257 + 60 l.73 55,0 

63 1 -1 l l 17,42 241 + 80 164 50o3 

63 l -1 l 1 17,69 245 + 20 132 5906 

63 l ~1 l 1 15.89 220 + 120 161 50,4 

63 l ..;;l l l 17090 248 + 140 165 58e9 

63 l -l l l 2le24 294 + 350 169 5603 

63 l -1 l l 17,33 240 - 240 174 52,8 



15; 

TABLE I (CONTINUED)' 

Treat, 
Xl X2 X3 X4 Y1 Y2 Y3 Y4 Y5 No, 

64 l 0 -1 -1 16.28 260 .+ 420 153 54 •• 8 

64 l 0 -1 -1 16.54 264 ·+ 340 175 S4e4 

64 l 0 -1 -1 l6e35 , 261 80 169 50.9 

64 l 0 -1 -1 16.83 269 + 330 158 57.3 

64 l 0 -1 -1 16e46 263 + 280 144 54e9 

64 1 0 -1 -1 14e04 224 + 190 51 49.3 

64 1 0 -1 ... 1 15.96 255 + 360 115 56ti9 

65 1 0 0 -1 16.25 259 + 310 164 52e0 

65 1 0 0 -1 17e66 282 + 300 161 58.3 

65 1 0 0 -1 16.63 266 + 350 111 56e8 

65 1 0 0 -1 16.96 271 + 460 167 56e3 

65 1 0 0 -1 l8e43 294 + 320 177 48e8 

65 1 0 0 -1 18.68 298 + 300 159 56e8 

65 1 0 0 -1 17.49 279 + 110 168 s,., 

66 1 0 1 -1 lSe96 255 + 560 16:2 55.7 

66 1 0 l -1 U,03 192 - 270 91 5le3 

66 1 0 1 -1 18e24 291 - 500 159 5( .. 3 

66 l 0 1 -1 l5e83 253 + 100 162 54.0 

66 1 0 1 -1 16e50 263 + 280 160 5h4 

66 l 0 1 -1 19.05 304 + 6.00 160 5?e9 

66 l 0 1 -1 15.56 248 + 140 150 52·6 
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TABLE I (CONTINUED) 

Treat. xl x2 X3 X4 yl Y2 Y3 Y4 Y5 
No. 

67 l 0 -1 0 14.50 232 + 90 151 53e6 

67 l 0 -1 0 15097. 255 + 80 178 53.9 

67 l 0 -1 0 14.50 232 + 60 136 52el 

67 1 0 -1 0 19e66 314 + 400 157 60o2 

67 l 0 -1 0 17e33 277 + 580 158 53o2 

67 1 0 -1 0 14.83 237 140 .52o9 

67 l 0 -1 0 16.56 264 + 720 82 5lo7 

68 l 0 0 0 l4e97 239 + 60 170 5le8 

68 1 ·o 0 ·O l6e02 256 + 280 161 Uo3 

68 l 0 0 0 U,28 212 - 30 110 55o4 

68 1 0 0 0 l4e37 229 + 40 152 56e8 

6-8 1 0 0 0 17093 286 - 40 104 53e8 

68 l 0 0 0 16.78 268 + 40 160 56o0 

68 l 0 0 0 19.25 307 + 470 170 55o3 

69 l 0 l 0 u.n 242 + 290 170 48e7. 

69 1 0 l 0 16055 264 + 310 .162 5.o8 

69 l 0 l 0 15007 241 + 160 164 55el 

69 1 0 1 0 16e89 270 + 380 174 
I 

~., 
69 l 0 l 0 18e31 292 + 280 150 49o4 

69 l 0 l 0 16078 268 +.590 168 Ho7 

69 l 0 l 0 16024 259 + 260 181 52o2 



157 

TABLE I (CONTINUED) .· 

Treat. 
Xl x2 X3 X4 Y1 Y2 Y3 No. Y4 Y5 

70 1 0 -1 1 14066 234 .. 140 134 ss.o 

70 1 0 -1 l 16.93 270 + 280 156 54e2 

70 l 0 -1 l 17.00 272 + 198 54e0 

70 l 0 -1 l · 17.35 277 + 220 172. 54e7 

70 l 0 -1 1 l6e55 264 + 200 161 55e0 

70 1 0 -1 l l8e67 298 + 240 121 57e5 

70 l 0 -1 l l7e85 285 + 390 157 49118 

71 l 0 0 l l5e45 247 + 240 141 46e6 

71 1 0 0 l 15.66 250 + 90 172 52e8 

71 1 0 0 l . 15.21 243 + 200 160 . 54117 

71 l 0 0 l l6e83 269 + 10 174 49e8 

71 l 0 0 l 16e50 263 - 40 26 53e2 

71 1 0 0 1 l2e65 202 + 790 36 ss.o 

71 l 0 0 1. l5e57 249 + 20 :us 56113 

72 l 0 l 1 15,S3 248 - 120 132 58el 

72 l 0 l 1 17.31 276 + 510. 105 56e3 

72 1 0 l l 16e06 256 + 180 146 S4e8 

72 l 0 1 l 14.33 229 + 80 158 50,,7 

72 1 0 l l u.10 251 + 60 132 50e6 

72 1 0 l l l4e53 232 60 148 S6e9 

72 1 0 l l 11.11 284 + 260 166 54e2 
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TABLE I (CONTINUED) 

Treat. x1 x2 X3 x4 Y1 Y2 Y3 Y4 Y5 No. 

73 l 1 -1 -1 16.14 292 + 340 171 53e4 

73 l l -1 -1 l4e26 258 + 120 169 SleO 

73 1 l -1 -1 l3e55 245 137 58ol 

73 l l -1 -1 15.99 289 + 420 148 54e3 

73 l l -1 -1 15076 285 + 240 161 55ol 

73 l l -1 -1 15.88 · 287 + 240 167 55o7 

73 l l -1 -1 14099 271 + 280 168 52o9 

74 1 1 0 -1 14.63 264 + 140 169 53o3 

74 1 1 0 -1 14.29 258 + 760 138 50o9 

74 l 1 0 -1 14,46 261 + 140 178 52o3 

74 1 l 0 -1 13o 74 248 + 440 157 52o5 

74 l 1 0 -1 13015 238 - 550 119 59e4 

11+ l 1 0 -1 14.30 258 + 480 uo 53o2 

11+ 1 l 0 -1 14..,93 270 + 360 158 se.o 

75 l l l -1 14.99 271 + 150 169 54o5 

75 l l l -1 16,15 292 + 520 173 53..,3 

75 l l l -1 16.87 305 + 260 164 58o5 

75 l l 1 -1 l2e95 234 - 240 92 52o7 

75 l l 1 -1 16e48 298 + 400 143 57e8 

75 l l l -1 17e54 317 + 410 161 57e7 

75 1 1 l -1 l4e96 270 + 460 155 5le8 
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TABLE I (CONTINUED) 

Treat, 
xl X2 X3 X4 Y1 Y2 Y3 Y4 Y5 No, 

76 l l -1 0 l4e07 254 + 260 121 56117 

76 l l -1 0 lle43 201 10 82 sa,,o 

76 l l -1 0 14e62 264 + 120 uo 52e7 

76 l 1 -1 0 12.23 221 - 120 142 56.3 

76 l l -1 0 12.45 225 - 470 87 471110 

76 l l -1 0 l3e45 243 80 67 49.5 

76 1 1 -1 0 14.84 268 + 390 171 54o0 

77 l l 0 0 12.16 220 + 310 130 48e7 

77 l l 0 0 l5e34 277 - 160 94 S7s8 

11 1 l 0 0 15.60 282 + 320 168 s,.o 
17 l l 0 0 l2•75 230 + 60 155 5lo9 

11 l l 0 0 14.58 264 + 360 168 56e2 

77 l l 0 0 l4e64 265 + 220 132 5h2 

77 l l 0 0 13.80 249 40 175 54,.4 

18 l l l 0 15,91 287 + 60 170 55e8 

78 l l 1 0 15,54 281 + 470 152 56.5 

78 1 l l 0 17.48 316 + 500 160 56el 

78 l l l 0 16.03 290 + 130 149 54e5 

78 l l l 0 17.26 312 + 560 153 60e2 

78 l l l 0 12.75 230 + 40 139 55e2 

78 l l 1 0 12.89 233 + 40 145 54a6 
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TABLE I (CONTINUED) 

Treat. 
Xl x2 X3 X4 yl Y2 Y3 Y4 Ys No. 

79 1 l -1 l 11.88 215 - 790 71 52.4 

79 l 1 -1 1 14.42 261 + 190 148 56·1 

79 1 1 -1 l l3.8a 251 + 240 150 53.7 

79 1 1 -1 1 14.56 263 + 40 155 54e0 

79 1 1 -1 1 16.80 304 + 10 156 54·2 

79 l 1 -1 1 14. 68. 265 + 180 151 57.5 

79 l l -1 l 14.51 262 + 170 154 52.1 

80 l 1 0 1 . 12.83 232 - 190 142 54.0 

80 l l 0 1 15.70 284 + 120 169 54.5 

80 1 l 0 1 12.55 227 + 290 85 54.0 

80 l l 0 l 15.40 278 + 20 162 55.7 

80 l l 0 l 17.46 315 + 620 146 58,4 

80 l l 0 l 14. 73 266 + 140 165 55.0 

80 l l 0 l 15.23 275 + 250 162 56,9 

81 l l l l 13.13 237 .. 150 135 60e6 

81 l 1 l l 10.26 185 30 72 54.4 

81 l l l 1 13.09 237 + 240 177 49.1 

81 l l 1 l 15.08 272 + 300 156 56,7 

81 l l 1 1 14.87 269 + 180 166 59.4 

81 1 1 1 l 12.59 227 60 148 56,5 

81 1 1 1 l 14,45 261 60 156 s1.a 



Treat. 
No. 

1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

1 

8 

8 

TABLE II 

DATA FOR LOW EGG PRODUCING HENS 

Xl X2 X3 X4 Y1 

-1 -1 -1 -1 12.62 

-1 -1 -1 -1 10.67 

-1 -1 0 -1 12.51 

-1 -1 0 -1 11.10 

-1 -1 1 -1 12.54 

-1 -1 l -1 11.91 

-1 -1 -1 0 13.35 

-1 -1 -1 0 11 .. 12 

-1 -1 0 0 9 .. 28 

· -1 -1 0 0 10.12 

-1 -1 l O 13.43 

-1 -1 l O 11 .. 12 

-1 -1 -1 1 11.55 

-1 -1 -1 l lle63 

-1 -1 0 l 11.n 
-1 -1 0 l 11.49 

-1 -1 l l 13.29 

-l -1 l l lle44 

Y2 

254 

215 

252 

235 

253 

240 

269 

236 

187 

204 

270 

236 

233 

234 

2:37 

231 

268 

230 

161 



Treat. 
No. 

10 

10 

ll 

u 

12 

12 

13 

13 

14 

!4 

15 

15 

16 

16 

17 

17 

18 

18 

TABLE II (CONTiNUED) 

Xl X2 x$ X4 

-l 0 -1 -1 

-1 0 -1 -1 

-1 0 0 -1 

-1 0 0 -1 

-1 0 l -1 

-1 0 l -1 

-1 0 -1 0 

-1 0 -1 0 

-l O O O 

-1 0 0 0 

•l O l O 

-1 0 l O 

-1 0 -1 l 

-1 0 -1 l 

-1 0 0 1 

-1 0 0 l 

-1 0 l l 

-1 0 l 1 

Y1 

1.10 

9.,39 

lle49 

10.15 

9el2 

9.,41 

9el3 

10.40 

7o84 

8 .. 42 

Se27 

11.so 

9e28 

9.30 

Y2 

177 

216 

264 

233 

210 

216 

210 

239 

180 : 

194 

190 

265 

202 

213 

206 

214 

218 

219 

162 



Treat. 
No. 

19 

19 

20 

20 

21 

21 

22 

22 

23 

23 

24 

24 

25 

25 

26 

26 

27 

27 

TABLE II (CONTINUED) 

-1 l -1 -1 

-1 l -1 -1 

-1 l O -1 

-1 l O -1 

-1 1 l -1 

-1 l l -1 

-1 l -1 0 

-1 1 -1 0 

-1 l O O 

-1 l O O 

-1 l l O 

-1 l l. 0 

-1 l -1 . l 

-1 1 -1 l 

-1 l O l 

-1 l O l 

-1 l l l 

-1 l l l 

7o87 

6019 

6e84 

5e39 

51161 

9e86 

6e82 

5e78 

s.67 

6.37 

183 

214 

248 

212 

178 

200 

171 

224 

207 

163 

180 

141 

147 

259 

179 

152 

V.9 

167 

16J 



Treat. 
No. 

28 

28 

29 

29 

30 

30 

31 

31 

32 

32 

33 

33 

34 

35 

35 

36 

36 

TABLE II (CONTINUED) 

0 -1 -1 -1 

0 -1 -1 -1 

0 -1 0 -1 

0 -l O -1 

0 -1 l -1 

0 -1 1 -1 

0 -1 -1 0 

0 -1 -1 0 

0 -1 0 0 

0 -1 0 0 

0 -1 1 0 

0 -1 l O 

0 -1 -1 

0 -1 -1 

0 -1 0 

0 ~1 0 

0 -1 1 

0 -1 l 

l 

1 

l 

1 

l 

l 

16e99 

21082 

16023 

10064 

14.79 

16022 

15.44 

Uel5 

18e78 

u.21 

14e55 

16e67 

14091 

l7e5) 

12,24 

15061 

278 

357 

266 

174 

274 

242 

266 

208 

253 

215 

307 

216 

2'8 

273 

244 

207 

200 

256 

164 



Treat. 
No. 

31' 

:n 

38 

38 

39 

39 

40 

41 

41 

42 

42 

44 

45 

45 

TABLE 11 (CONTINUED) 

Xl X2 X3 X4 

0 0 -l -l 

0 0 -1 -1 

0 0 0 -l 

0 0 0 -1 

0 0 l -1 

0 0 l -1 

0 0 -l O 

0 0 -1 0 

0 0 0 0 

0 0 0 0 

0 0 l O 

0 0 l O 

0 0 -1 1 

0 0 -1 l 

0 0 0 l 

0 0 0 l 

0 0 l l 

0 0 l l 

Y1 

l4e64 

101!168 

15079 

12036 

14e23 

15.07 

l.2042 

13057 

14018 

12.,16 

14029 

l2e92 

llo69 

u.01 

, l2e53 

Y2 

276 

202 

298 

233 

268 

284 

256 

267 

241 

270 

219 

183 

208 

236 

16; 



Treat, 
No. 

46 

46 

47 

47 

48 

48 

49 

49 

50 

50 

51 

51 

52 

52 

53 

53 

54 

54 

TABLE II (CONTINUED) 

0 1 -1 -1 

O l -1 -1 

0 1 0 -1 

0 1 0 -1 

O l 1 -1 

0 1 1 -1 

O l -1 0 

O l -1 0 

0 1 0 0 

0 1 0 0 

0 1 1 0 

O l l O 

0 1 -1 1 

O l -1 l 

O l O 1 

0 1 0 1 

O l l l 

0 1 1 l 

10.a4 

9.97 

7e65 

11.13 

8e98 

12.20 

9el7 

lle98 

7o94 

11.os 

9.33 

9e47 

7o79 

10.85 

l3e23 

232 

167 

213 

163 

2J8 

192 

260 

194 

196 

256 

170 

236 

238 

199 

202 

166 

232 

283 

166 



Treat, 
No, 

55 

55 

56 

56 

57 

57 

58 

58 

59 

59 

60 

60 

61 

61 

62 

62 

TABLE II: (CONTINUED) 

xl X2 X3 X4 

1 -1 -1 -1 

1 -1 -1 -1 

1 -1 0 -1 

l -1 0 -1 

l -1 1 -1 

1 -1 1 -1 

l -1 -1 0 

1 -1 -1 0 

1 -1 0 0 

1 -1 0 0 

1 -1 1 0 

1 -1 l O 

1 -1 -1 1 

1 -1 -1 1 

1 -1 0 1 

1 -1 0 1 

1 -1 l 1 

ii. -1 1 1 

19. 77 274 

21.00 291 

is.so 
17.44 

10.83 

is.11 

18e73 

11.01 

1e.11 

15.01 

18.61 

19e02 

18e51 

21.61 

l6e2S 

215 

242 

150 

210 

260 

237 

251 

286 

208 

258 

264 

257 

262 

237 

300 

225 

167 



Treat. 
No. 

64 

64 

65 

65 

61' 

61 

68 

68 

69 

69 

70 

70 

11 

71 

12 

72 

x1 

1 

l 

l 

1 

ll 

l 

1 

l 

l 

l 

l 

l 

l 

l 

l 

]. 

l 

TABLE II (CONTINUED) 

Xz X3 X4 

0 -1 -]. 

0 -1 -1 

0 0 -l 

0 0 -ll. 

0 1 -1 

O l -1 

0 -l O 

0 -1 0 

0 0 0 

0 0 0 

O l O 

O l O 

0 -1 1 

0 -1 l 

0 0 l 

0 0 1 

OI l l 

O l l 

18 .. 54 296 

l'teZ4 227 

15050 

1e .. :u 

).4.,48 

18.51 

J.6.,05 

15060 

17.,50 

248 

289 

204 

253 

279 

HS 

168 



Treat. 
No, 

13 

73 

74 

74 

75 

75 

76 

76 

77 

77 

78 

78 

79 

19 

80 

80 

81 

81 

TABLE II (CONTINUED) 

1 l -1 -1 

l l -1 -1 

l l O -1 

l l O -1 

l l l -1 

l l l -1 

l l -1 0 

1 1 -1 0 

l l O O 

1 l O O 

l l l O 

1 l l O 

1 l -1 1 

1 l -1 l 

l l O l 

1 1 0 l 

l l l l 

1 l l l 

12.,72 

15e57 

l3e23 

13.52 

16.62 

14e55 

13e94 

13.97 

12.05 

10.97 

15e21 

u.16 

12e63 

18.75 

12.91 

11.54 

230 

282 

239 

244 

300 

263 

252 

253 

218 

237 

218 

198 

275 

238 

228 

339 

233 

209 

169 



Treat. 
No, 

1 

1 

2 

2 

3 

3 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 

TABLE III 

DATA FOR HIGH EGG PRODUCING HENS 

xl x2 X3 X4 

-1 -1 -1 -1 

-1 -1 -1 -1 

-1 -1 0 -1 

-1 -1 0 -1 

-1 -1 l -1 

-1 -1 l -1 

-1 -1 -1 O 

-1 -1 -1 0 

-1 -1 0 0 

-1 -1 0 0 

-1 -1 l O 

-1 -1 l O 

-1 -1 -1 1 

-1 -1 -1 l 

-1 -1 0 l 

-1 -1 0 l 

-1 -1 l l 

-1 -l l 1 

Y1 

12058 

11.63 

13.48 

131170 

l3e83 

13.83 

12.36 

15el7 

13.35 

12.56 

11.91 

12.10 

11.92 

12.33 

12.29 

Y2 

253 

234 

271 

276 

278 

278 

249 

305 

269 

253 

240 

256 

241 

234 

240 

248 

247 

279 

170 



Treat. 
No. 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15 

15 

16 

16 

17 

. 11' 

u 

18 

TABLE III (~ONfINUED) 

-l O -l -1 

-1 0 -1 -1 

-1 0 0 -1 

-1 0 0 -1 

-1 0 l -1 

-1 0 ]. -l 

-1 0 -1 0 

-1 0 -1 0 

-1 0 0 0 

-1 0 0 O 

-1 0 l O 

-1 0 l O 

-1 0 -1 l 

-1 0 -1 ]. 

-1 0 0 l 

-l O O 1 

-1 0 l 1 

-l O 1 l 

16 .. 43 

11 .. 51 

13072 

l4e37 

l2e1'3 

12.,73 

12003 

lo.52 
111182 

11,,64 

10. 17 

378 

307 

265 

316 

331 

329 

293 

228 

279 

· 293 

309 

267 

271 

242 

212 

268 

234 

171 



TABLE III (CONI'INUED) 

19 -1 l -1 -1 

19 -1 l -1 -1 

20 -1 1 0 -l 

20 -1 l O -1 

21 -1 l l -1 

21 -1 l l -1 

22 

22 

23 

23 

24 

24 

25 

25 

26 

26 

27 

27 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

l . -1 

l -1 

1 0 

l O 

l l 

1 1 

l -1 

l -1 

1 0 

l 0 

1 l 

l l 

0 

0 

0 

0 

0 

0 

1 

1 

1 

l 

1 

l 

lle08 

10.55 

12 .. 21 

s.,34 

u.a2 

10. 29 

9.74 

9.95 

9.45 

9e95 

8e98 

10.98 

10,23 

10. 14 

291 

199 

339 

229 

277 

321 

219 

262 

310 

270 

256 

261 

248 

261 

i},9 .. _'.;~' 

28~ 
!/·;1 

269 

26,9 

172 



Treat. 
No. 

28 

28 

29 

29 

30 

30 

32 

32 

33 

33 

34 

34 

35 

35 

36 

36 

TABLE III (CONTINUED) 

0 -1 -1 -1 

0 -1 -l -1 

0 · -1 0 -1 

0 -1 0 -]. 

0 -1 l -1 

0 -1 l -1 

0 -l -1 0 

0 -l -1 0 

0 -1 0 0 

0 -1 0 0 

0 -1 l O 

0 -1 l O 

0 -1 -1 l 

0 -1 -1 1 

0 -1 0 l 

0 -1 0 l 

0 -1 ! l 

0 -1 l l 

18 .. 68 

17e'1t3 

l5elU. 

l6s83 

17.,30 

13.,70 

16e67 

16 .. 40 

161)38 

l5e47 

15e88 

15.48 

250 

256 

306 

291 

285 

259 

276 

283 

224 

273 

269 

268 

253 

260 

244 

253 

256 

295 

17.3 



Treat, 
No, 

37 

37 

38 

38 

39 

39 

40 

40 

41 

41 

42 

42 

43 

43 

,,lf.'5 

.<;>'·,lt5 

TABLE III (CONl'INUED) 

xl X2 X3 X4 

0 0 -1 -1 

0 0 -1 -1 

0 0 0 -1 

0 0 0 -1 

0 0 l ~1 

0 0 1 -1 

0 0 -1 0 

0 0 -1 0 

0 0 0 0 

0 0 0 0 

0 0 l O 

0 0 l O 

0 0 -1 1 

0 0 -1 1 

0 0 0 1 

0 0 0 1 

tiO tO 1 l 

,;EQ O l 1 

Y1 

10,91 

11.01 

15e7l 

12.36 

l3e62 

l3e08 

12.02 

15.68 

13e26 

13.93 

12.12 

14e07 

13e2i 

12.49 

14e77 

15.46 

15e32 

l4e31 

Y2 

206 

321 

296 

233 

257 

247 

227 

296 

250 

263 

229 

265 

249 

236 

278 

292 

289 

270 

1?4 



Treat. 
No. 

46 

46 

47 

47 

48 

48 

49 

49 

50 

50 

51 

51 

52 

52 

'53 

53 

TABLE IIX (CONTINUED) 

0 1 -1 -1 

O l -1 -ll. 

O l O -l 

O l O -1 

O l l -1 

O l 1 -1 

O l -1 0 

O l -l O 

O l O O 

0 1 0 0 

O l l O 

O l l O 

0 

0 

0 

0 

0 

0 

l -1 

l -1 

l O 

l O 

l 1 

]. 1 

l 

l 

l 

l 

l 

1 

12 .. 58 

12 .. 60 

12 .. 2s 

l2e55 

14"'99 

llc34 

14007 

13e03 

10. 89 

12.92 

Uo75 

u.u. 

12.12 

269 

269 

262 

268 

320 

242 

274 

300 

278 

233 

276 

242 

2!>1 

235 

240 

280 

259 

290 

175 



Treat, 
No, 

55 

55 

56 

56 

57 

57 

58 

58 

59 

59 

60 

60 

61 

61 

6'2 

Ui 

63 

63 

TABLE III (CONTI~_UED) 

l -1 -1 -1 

l -1 -1 -1 

l -1 0 -1 

l -1 0 -1 

1 -1 

l -1 

l -1 

l -1 

l -1 -1 0 

l -1 -1 0 

1 -1 0 0 

1 -1 0 0 

l -1 l 0 

l -1 l 0 

l -1 -1 l 

). -, -l. J 

l,. -,.i 0 l 

t -1 0 1 

l; .... } l l 

l -., l l 

l5e57 

19e69 

l7e88 

211180 

18e46 

20,33 

l9e76 

17.59 

18.19 

l8e75 

11,22 

1e.. 5.'i 

18e01 

l7e26 

19.14 

11.,. 
-... , 

216 

273 

248 

302 

269 

272 

256 

282 

274 

244 

252 

260 

2s, 

zst 

z~o· 
239 

265 

249 

176 



Treat. 
No. 

64 

64 

65 

65 

66 

66 

67 

67 

68 

68 

69 

69 

70 

70 

71 

71 

72 

72 

TABLE III (CONTINUED) 

Xl x2 X3 X4 

l 0 -1 -1 

1 0 -1 -1 

l O O -1 

l O O -1 

l O 1 -1 

1 0 l -1 

l O -1 0 

l O -1 0 

1 0 0 0 

l O O O 

l O 1 0 

1 0 1 0 

1 0 -1 1 

l O -1 l 

l O O l 

1 0 0 l 

l O l l 

l O l l 

Y1 

16006 

11 .. 12 

17 .. 81 

16 .. 49 

l6e40 

15085 

17.44 

l4e32 

16e21 

16e83 

17.42 

l5e93 

1s.12 

17.62 

y2 

256 

273 

284 

269 

263 

299 

229 

262 

253 

278 

229 

259 

269 

278 

252 

254 

241 

281 

177 



Treat. 
No. 

73 

73 

74 

74 

75 

75 

76 

76 

77 

11 

78 

78 

79 

7-9 

80 

80 

TABLE III (CONrINUED) 

l 

l 

1 

1 

1 

1 

1 

l 

l 

1 

1 

1 

1 

l -1 -1 

l -1 -l 

1 0 -1 

1 0 -1 

1 1 -1 

l l -1 

1 -1 0 

1 -1 0 

1 0 0 

l O O 

1 1 0 

1 1 0 

1 -1 1 

1 1 -1 1 

1 1 0 1 

1 1 0 1 

).: 1 l l 

li l l 1 

16e72 

15.98 

l4e6l 

13.85 

13.88 

l5e23 

14.93 

l4e45 

11.25 

l6e52 

15e40 

l5e98 

U,85 

10. 64 

13e53 

302 

255 

289 

264 

250 

251 

275 

270 

267 

239 

2'61 

312 

298 

278 

289 

286 

192 

244 

178 
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